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P R E F A C E 
Hemicellulose is one of the major components of lignocellulose 
biomass and consists largely of xylan. '^ -1.4-linked polymer of 
U-xylosG. The enzymatic degradation of xylan plays an important 
role in the microbial decomposition of lignocellulose. 
Enzymic hydrolysis of xylan component of hemicellulose 
is achieved by microbial endo-l ,4-^-xylanases with the production 
of xylobiose and xylose-saccharides. These sugars are subsequently 
degraded by 'p -xylosidase to xylose. Xylanases have been purified 
and characterized from various microorganisms including several 
streptomycetes. 
Some xylanolytic bacteria synthesize a single xylanase 
while others produce isozymes, although the production of more 
than two xylanases in a single organism has been observed only 
rare ly . Biely (1985) suggested that isomeric forms of the enzymes 
were a consequence of different RNA processing, partial proteolysis 
or differences in the degree of glycosylation. 
With the advent of recombinant DNA technology, it has 
been possible to isolate the genes coding for \ \ l anase enzyme from 
different xylanolytic s t rains. The genes have been cloned in multi-
copy vectors and expressed in the homologous host for construction 
of strains with high yields of enzymes. Besides homologous cloning, 
cloning of xylanase genes has been attempted in heterologous host 
E. roll for better understanding of structure, function and regulation 
_ ^. 
of genes. E. coli has been chosen because of extensive knowledge 
of genetics and cloning technology available with the organism and 
that it is non xylanolytic. 
In the present work a strain of Streptomyces flavogriseus 
was characterized as a source for endo-D-xylanase. S. flavogriseus 
codes for three different xylanases. The gene coding for one of 
the xylanases corresponding to Mr 18000 in S.flavogriseus was iso-
lated by direct shot gun cloning in a multicopy plasmid pUC 8 
using E. coli as a host. The approach of gene cloning in E.coli 
has shown serious limitations such as secretion of enzyme in extra-
cellular environment which represents a major difficulty for develop-
ment of large scale production of xylanase. To overcome this 
problem we have described a novel approach of induced lysis to 
release the recombinant enzyme. 
This thesis contains 5 chapters. A brief review of l i te ra-
ture related to the thesis is given in Chapter I. Chapter II des-
cribes the bacterial strains, buffers, media, chemicals and method-
ology used throughout the work. 
Chapter III deals with the characterization of Streptomyces 
flavogriseus for xylanase enzyme, which is source of xylanase 
gene. 
Chapter IV describes the construction of genomic l ibrary 
of S. flavogriseus in E. coli. 
Chapter V describes the screening and characterization 
of E. coli xylanase clone. 
In last the references are documented. 
CHAPTER I 
INTRODUCTION AND REVIEW OF LITERATURE 
Agricultural residues such as grass lignocellulose represents 
large renewable resource for which enzymic generation of fermentable 
sugars is one of a number of alternative strategies currently under 
investigation. Since early 1940s a great deal of research has gone 
in converting blomass into industrially useful products. The most 
abundant form of biomass on the planet earth is lignocellulose, 
which is composed of cellulose, hemicellulose and lignin. Cellulose 
e 
is the most abundant renewable resource and is available from sourcs 
A 
such as wood, newsprint, urban waste and manures. 
Over the past quarter century there has been extensive 
research into the hydrolysis and fermentation of cellulose. This 
has included not only the direct production of glucose by acidic 
and enzymatic hydrolysis , and related efforts to improve cellulase 
yields from promising microbial species but also the production 
of solvents, fuels and single cell protein by fermentation. By con-
trast relatively l i t t le has been done with the hemicelluloses that 
are associated with cellulose in i ts natural lignocellulose form. 
The enzymatic breakdown of lignocelluloses using cellulases alone 
is unlikely to be cost effective without the concurrent use of xyla-
nases. Successful conversion of these materials which are found 
in amounts approaching that of cellulose itself could in many cases 
determine the economic success of the cellulose conversion process 
under development. 
Xylan is the most abundant component of hemicellulose and 
is found in hardwoods, straw, corn cobs and grasses in abundance. 
Xylans from land plants are composed of chains of 1,4 linked 
•^^-D-xylopyranose residues. The simplest form of xylan was r e -
ported to be esparto xylan consisting of p - 1 , 4 linked xylopyranosyl 
units without any substituents but with some branching points. Accord-
ing to their origin xylans of hardwood, softwood, or grasses have 
different substituents. The major substituents of xylans from straw 
and grasses are single arabinofuranosyl units attached to some C-3 
positions of the main xylan chain (Wilkie, 1979). These xylans 
carry small portions of D-glucopyranosyl uronic acid units or of 
their 4-methyl esters or both attached to C-2 positions. In contrast 
the 4-0-methylglucuronic acid side group is the main substituent 
in wood xylans. Additionally soft wood xylans carry smaller por-
tions of single arabinofuranosyl units^ whereas hardwood xylans 
are acetylated (Aspinall and McKay, 1958; Timell, 1967). Xylan 
possessing [l->3] xylopyranoside bonds are found in marine algae 
(Timell, 1964). 
The structure and chemical heterogeneity has made research 
into xylan utilization a difficult challenge, while acidic hydrolysis 
of xylan is easier (Kusakabe et^  ^ . , 1975b) than that of cellulose, 
enzymatic hydrolysis has also drawn interest . Attempts have been 
made to obtain xylose from xylan by combination of both. 
Source of enzyme 
Sorenson (1953) gave first evidence that certain bacteria 
act on xylan to produce xylooligosaccharides and D-xylose. In nature 
a number of microorganisms including fungi, bacteria, snails and 
plants readily hydrolyze the polysaccharide xylan by synthesizing 
D-xylanascs (E.G.3.2.1.8) and D-xylosidasos (E.C.3.2.1.37}. 
Prokaryotes producing xylanases mainly belong to species 
within the genera Strcptomyces and Bacillus, strains of xylan fer-
menting bacteria have also been ^reported from the sheep and bovine 
rumen (Howard et al^., 1960; Dehority, 1973), 
Fungi from both Basidiomyctes and Ascomycetes have been 
reported to readily hydrolyze this polysaccharide practically all 
the studies of B -D-xylanase and B -D-xylosidase have been carried 
out on eukaryotic microorganisms belonging to genera Aspergillus. 
Fusarium, Cryptococcus, Schizophyllum and Trichoderma which are 
good producers of extracellular ^ -D-xylanases (Gorbacheva and 
Rodionova, 1977; Gascoigne and Gascoigne, 1960; Biely et^  aj^.. 1980a; 
Pa ice£^a ]_ . , 1978; and RobinsonJ984). 
Xylan degradation pathway 
Xylan can be enzymatically hydrolyzed to xylose which 
can be converted to economically valuable products such as xylu-
lose, xylitol and ethanol. Several types of enzymes are involved 
in this process, chief among these are hydrolases of three classes: 
(i) lixo-p-xylanases : - which attack xylan and xyloollgosaccharldes 
at the non-reducing end also yielding xylose. 
\7 
( i i ) ' Endo-^-xylanases (1,4-^-D-xylan, xylanohydrolase-E.C.3.2.1.8)-
This enzyme catalyzes the hydrolysis o f p i , 4 ~ x y l a n at random more 
readily the xylosidic linkages near the middle of the chain (Nakanishi 
et a l . , 1976) and longer oligosaccharides at various points through-
out the molecules. 
( i i i ) ^ -Xylosidases (E.G. 3,2.1.37) - It is another important enzyme 
in xylan degradation pathway and acts on wide range of xylosaccha-
rides by step-wise removal ot single xylose units, p Xylosidase 
operates like a typical glycosidase hydrolyzing xylotriose. xylo-
biose and higher oligomers but not xylan. Thus oligosaccharides 
produced by endo-p-D-xylanases are subjected to xylosidase action 
to give xylose as final product. 
Assay of xylanase 
Assay method: Enzyme assays were carried out by incubating the 
onzymo saniplo with subalralo proparod in suitable buffer for 3U 
min. The reducing sugar released from substrat^ was either measured 
according to Miller et^ al^ . (1960) or by Somogyi (1952) (as indicated 
by Ashwel, 1957) referring the reading to xylose as the standard, 
n-nitrophenol released from p-nitrophenyl p-D-xylopyranoside (PNPX) 
is evaluated spectrophotometrically (Notario et a l . , 1976) for xylosi-
dase assay. . s 
Unit definition 
A conventional unit to define the activity of enzyme is 
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the* amount of enzyme that catalyzes the release of umole of reducing 
sugar as xylose from substrate per millll i tre per minute at the 
optimum temperature. 
When testing p -xylosidase activity, the enzyme unit corres-
ponded to the amount of the enzyme, that released umole of p-nitro-
phenol from PNPX under the same conditions. 
Mechanism of xylan hydrolysis 
Two groups have investigated mechanism of xylan hydrolysis 
thoroughly. 
Coumtj)t and Joseleau (1981) found that an endoxylanase 
from Sporotrichum dimorphosphorum attacked red wood xylan to 
give large amounts of acidic sugars xylobLose, xylose andoC -L-ara-
binofuranosyl (1—> 3) xylobiose. A less common product had 1--
arabinosc linked in the same manner al the non-reducing end of 
xylotrioso. Non-dialyzable products high in arabinose, rhamnose, 
galactose and uronic acids accumulated during hydrolysis . Mosl 
of this dialyzable acidic sugars contained 4-U-mothyl glucuironic 
acid attached to the U-2 of non-reducing terminal xylosyl residue 
to xylotriose and xylotetraose. Most of the arabinose that was 
found among the dialyzable sugars was part of the acid component. 
From this reaction pattern it appeared that xylanase required at 
least a xylolriosyl group for hydrolysis , the xylosyl residue al 
the non-reducing end unsubstituted at 0-2 and 0-3 and the xylosvl 
residue of the reducing end branched or unbranched^ cleavage occurred 
at the jP (1—>4) bond linking the central and reducing end xylosyl 
residue. 
(Counytat (IS 
_ __ .L983] separated xylanases from Sporotrichum 
dimorphosporum by DEAE sephadex and preparative isoelectric-
focussing. Two enzymes with pi 4.4 and 4.7 were brought to homo-
geneity. All enzymes tested were endoxylanases. One was inhibited 
by xylobiose while other was activated by i t . The second group 
investigating xylanase mechanibm was that of Biely et^ aj^ . (1980b). 
Biely e^ ai_. (1980a) purified an endoxylanase from the yeast 
Cryptococcus albidus that has no activity on xylobiose, CMC or 
crystalline or treated cellulose, but some on phenyl-j8-D-xylopyrano-
side. However, xylobiose not xylose was the predominant product 
from the later along with a phenolic ring (Biely e^ al^ . , 1980a). 
Increase of activity was sigmoidal with increase of substrate and 
phenyl-/8-l^-xylobiose and phenyl-^-D-xylotriose were intermediates. 
In addition a lag in the reaction of the xylanases with phenyl 
yo-D-xylopyranoside could be eliminated if xylooligosaccharides 
were added. All of this indicated that the first step of arylxloside 
hydrolysis was the transfer of the substrate to xylooligosaccharide 
acceptor (Biely e^ a l . , 1980b). Measurement of maximum rates 
and pjichaelis constant for linear xylooligosaccharides on varying 
lengths and bond cleavage frequencies using reducing end labelled 
substrates indicated that the two subsites with strong affinites 
for the substrate were located two positions to either side of clea-
vage point (Biely e^ al^., 1981). Negatfve affinities further to 
the reducing site ensured that the favoured labelled product from 
substrate larger than xylotriose was xylobiose. However, when 
xylooligosaccharide concentration increased bond cleavage frequency 
changed to favour production of large labelled products (Biely 
et a l . . 1981). This was caused by adsorption at the active centre 
of two substrate molecules and by significant transfer abil i ty of 
the enzymes. 
Xylanases from Aspergillus niger appeared to have a carboxyl 
group in the active centre as with Cryptococcus albidus enzyme 
bond cleavage frequencies changed with increasing substrate and 
favoured longer labelled products (Vrsanska e^ ^ . , 1982). 
They found, however, no attack in phenyl-p-D-xylopyronoside 
nor did it serve as an acceptor. High concentration of short sub-
strates caused the molecule being cleaved to adhere to the enzyme 
so that the cleavage was further removed from reducing end, with 
another substrate molecule also adsorbed to the remaining subsites. 
This behaviour was accompanied by formation of products larger 
than the substrate. Thus Aspergillus niger xylanase appears to 
have seven subsites with the cleavage point between the 3rd and 
4th from the^ reducing end. 
Transferase activity is possible in endoxylanase and it 
is accompanied by a change in the- nature of hydrolysis products. 
An endoxylanase from Gliocladium virens was found to be highly 
active on xylan yielding mainly xylobiose with some xylose 
(Takahashi and Kutsumi, 197^J. Xylotriose was the smallest oligo-
saccharide attacked to give largely xylobiose which suggested that 
transfer activity must have been present. 
Growth conditions 
Xylanase production in Streptomyces is usually carried 
out in submerged cultures (Nakanishi e^ ^ . , 1976; Morosoli e^ a l . , 
198b), however, (Sreenath §}id Joseph (198J) found that the culti-
vation of Streptomyces culture on agricultural byproducts by surface 
method was superior than submerged cultures. 
Culture conditions exert significant influence on physiology 
and metabolism of/ microbej^ for their synthesizing capacity, the 
conditions varied depending on the nature of organism. Culture 
growth period was an important factor in providing an optimum 
yield and productivity of enzyme. The proper assessment of culti-
vation time and the conditions of harvesting the cells on large 
scale were essential to get high production. 
Extraction and purification 
After cultivation for a definite time period the extracellular 
enzyme fractions were collected by pelleting the cells at lO.OOOxg 
for 7 minutes. Xylanase activity is essentially extracellular in 
nature (Biely, 1985). 
^ -Xylosidase activity is usually cell-bound (Ishaque and 
Kluepfel, 1981) hence for intracellular fraction preparation, extract-
ion steps include (a) cell lysis (b) removal of cell debris to give 
clear cell extract . 
P^ollowing techniques have been employed for cel l - lys is : 
(1) Osmotic shock of spheroplast prepared by lysozyme. 
(2) Explosion decompression in French press 
(3) Mechanical grinding with alumina or glass beads 
(4) Sonication 
(5) Freezing and "Xhawing 
Sonication has been widely used. Temperature during soni-
cation was never permitted to go beyond 10°C and the degree of 
cell lysis was monitored either by microscope observations or by 
aborbance at 280 nm. After sonication cell debris and subcellular 
materials were removed by centrifugation at lO.OOc/g for 30 min. 
The supernatant was used as intracellular enzyme fraction. It has 
been concluded that '^ -xylosidase is cell associated and probably 
membrane associated (Nakanishi et a l . , 1987). 
The extracellular culture filtrate and the cell extract have 
been used as source of endoxylanase and xylosidase for further 
purification. Typical steps followed in extraction procedure are 
illustrated in Fig . II. 
CULTURE 
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I 
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(xy lanase 80%) 
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Cell d e b r i s 
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_ (d) Sonication 
Crude enzyme pre -
parat ion containing 
xy los idase + 20% 
xylanase 
STEPS INVOLVED IN EXTRACTION OF INTRACELLULAR 
FRACTION OF ENZYME 
Fig. 2 
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Purif icat ion of enzyme inc ludes protein p rec ip i t a t ion using 
specif ic reagents l ike ammonium s u l p h a t e , polymin e t c . , d i a l y s i s 
against su i t ab le buffers and s e v e r a l colunin chromatographic s t eps 
involving gel f i l t ra t ion , ion exchange and affinity chromatography. 
Streptomyces as desc r ibed by Pridham and Trensher in 
Bergey ' s Manual (1974) include gram pos i t ive actinomyctes which 
are ox ida t i ve , form ex tens ive ly branching subs t r a t e and aer ia l 
mycelium containing LL-diaminopimelic acid and glycine but no charac -
t e r i s t i c sugar in the wal l . The DNA composition ranges from 69-
73 mol. % guanine plus cy tos ine . Fragmentation of the aer ia l hyphao 
usually bear long chains of s p o r e s . 
The act inomyctes produce ce l l u l a se s , hemicel lulase and 
l ignolyt ic enzymes which a re e s sen t i a ld for coniplote degradat ion 
of l ignocel lulas ic biomass (Crawford, 1981; Kluepfel and Ishaquo 
1982). This exp la ins why these microorganisms are pa r t i cu l a r l y 
efficient in bioconversion. 
Streptomyces xylanases 
Streptomyces xy lanases were f i r s t desc r ibed by Sorenson 
(195J) . Thereaf ter the xy lanase system was ex tens ive ly s tudied 
(Kusakabe et al^. , 1975a and b; Nakajima ei^ a]_. , 1984; Kluepfel 
e^ a^. , 1986; Johnson et^ a\_. , 1988; Godden £t, ^ . , 1989). The 
xylanase system of Streptomyces s p . 86 ha_§^ - bf?en used for the 
production of xy lob iose and xy lose from commercial hardwood^ when 
11 
xylanase acts on xylan mainly xylose and xylobiose accumulates 
in the hydrolyzate, Kusakabe e^ al^. (1975a, b and 1976) utilized 
these properties of the enzyme for preparation of xylobiose. 
Localization and nature 
Xylanase is largely found in the extracellular fraction of 
culture whereas p -xylosidase is mainly detected in intracellular 
preparations. Streptomyces sp . No. 3137, S. flavogriseus, S. lividans 
and many more have been demonstrated to have the capacity to 
excrete large amounts of xylanase (Nakanishi et ^ . , i97b; Ishaque 
and Kluepfel, 1981; Kluepfel e^ a l . , 1986). 
Xylanase is an adaptive or inducible enzyme produced only 
when grown in medium containing xylan or relatod ptj]\ saccharide. 
Xylosidase is also an inducible enzyme but it is produced not only 
when xylobiose is substrate but also during growth on polysaccharides. 
This contrasts with some reports , Berenger et^ ad^ . (1985) reported 
constitutive expression of xylanase from Clostridium stercorarium;. ^ 
Manners and Mitchell (1967) have demonstrated the constitutive 
nature of xylanase in eukaryotic organisms. 
Nakanishi et^ a]_. (1976) studied the inducers for xylanase 
production by Streptomyces sp . No. 3137. This strain did not 
produce xylanase when grown in a medium containing glucose as 
a^so le carbon source, nitrogenous substances such as pepione ••^  
urea together with xylan improved xylanase yields. A variety 
12 
of derivatives of xylose, xylooligomer and xylan were examined 
for their abil i t ies to induce xylanase. Almost all the materials 
tested were less effective than xylan except xylobiose butryl ester 
and methyl-'P-D-xyloside which possessed marked inducing abi l i ty . 
It was seen in S. flavogriseus (Ishaque and Kluepfel, 1981) 
Y 
that ( considerable amount of xylanase was produced when grown 
on xylan containing medium, comparatively lower yields of this 
enzyme were obtained when avicel served as main carbon source, 
3-^(l^losidase was synthesized intracellularly and appeared less 
dependent on fermentation substrate, it was produced uniformU 
on all substrates reaching optimal levels at 72 h r s . 
Johnson el_ al_. (1988) reported that in addition to endoxyl-
anase, enzyme activit ies capable of removing U-acetyl, arabinosyl, 
4-0-methyl glycuronyl and feruloyl substituents from xylan were 
present in culture filtrate while screening of some mesophilic species 
of Streptomyces. Low constitutive levels of xylan hydrolysing 
enzymes could be elevated by supplementation of liquid media with 
starch free wheat bran, oat spelts xylan or sugarcane bagasse. 
One organism S. olivochromogenes produced particularly high levels 
of xylan hydrolyzing enzymes. 
A Streptomyces species isolated from compost by Godden 
et al . (1989) degraded hemicellulase fraction of straw efficiently 
but apparently not native cellulose. Xylan i^as inuuced by Baiimilled 
straw, xylobiose, Kraft lignin and syringic acid • 3,4-Dimethoxy-
13 
cinnamic acid induced the activity slightly whereas n e t h e r vanilic 
acid nor ferulic acid and veralic acids induced liemicellulolytic 
enzymes. Endoxylanases with activi ty against cellulase are found 
among prokaryotes e .g. Bacillus acidocaldarius (Uchino and Nakane, 
1981). There have been reports from Streptomyces also. Kluepfel 
and Ishaque (1982) reported xylan induced cellulolytic enzymes, 
the production of cellulases is maintained by xylan containing sub-
strate and their formation is considerably accelerated over that 
of culture grown on pure cellulose substrate. It was also observed 
in ^ . lividans by Kluepfel e^ al_. (1986). 
Ball and McCarthy (1988) studied saccharification of straw 
by actinomycte enzymes. Over 200 strains of aGt-inom-ycete-represent-
ing i/ distinct genera were screened. Xylanase activity was detected 
in nearly all the strains examined while activities against purified 
cellulose substrate were less widespread and relatively low. Sacchari-
fication of straw resulted in pH range 6-9 and xylose and its oligo-
mers were principal products. 
Xylanases purification and characterization 
Recent li terature has confirmed what was noted earlier 
many organisms produce more than one endoxylanase. Endoxylanases 
from same or different organisms have quite different substrate 
specificities, both in the shortest xylooligosaccharides they can 
attack and in substrate not containing xylose. Different products 
are also formed with same endoxylanase producing mainly small 
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molecules because they have few subsites or because the cleavage 
point is towards one ,end of subsite array. 
Xylanase was purified from S^ . ostreogriseus by Park and 
Toma (1982), it was characterized on DEAE cellulose and gel f i l t ra t-
ion on Sephadex G-100. m^e—puiifibd—eiuyiiiu Hupdidlyd—tn—five-
^iaude—try—iiAGer' The purified enzyme separated in five bands 
a«..4 —_--—T'^'X 
^mt—eftayfl*© *^Uited i*erm (each^band hydrolyzed xylan to xylooligo-
saccharides with no detectable xylose. 
^ (l984a) Mackenzie Q\_ a l . partially characterizied xylanases 
from S. flavogriseus and indicated the presence of multiple enzyme 
by using zymogram technique. Later Johnson e^ ^ . (1988) fract-
ionated • the S, flavogriseus extracellular enzymes by anion exchange 
chromatography and disclosed the presence of three distinct endo-
P- ( l , 4 ) -xy lanases one neutral activity and two anionic activities 
phe anionic endo-p- ( l ,4 ) xylanase activit ies accounted for approxi-
mately 60% of the total input enzyme act ivi t ies . 
Three types of xylanase induced by methyl-P -xyloside 
were purified from Streptomyces sp . by Marui e\_ al . (1985). These 
three types of enzymes tentatively named X-I, IIA, IIB had molecular 
corresponding to 5U,UU0, 25,UU0 and 25,680. The pi was found 
to be 7.10, 10.06 and 10.25 whereas optimum activity of XI was 
found in pH range 5.5-6.5, XIIA, 5.0-6.0. These purified prepara-
tions hydrolyzed xylotriose, xyloterose and xylan but not xylobiose, 
cellobiose, maltose, CMC and soluble starch. 
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Johnson et^ a]_. (1988) fractionated S_. olivochromogenes xyla-
nase by h . p . l . c . using a cation exchange column. Four distinct 
endo-/o-(l,4)-xylanasGS were observed one neutral and three cationic 
activit ies. 
Streptomyces coding for a single endoxylanase are also 
reported in l i terature, Nakajima et al . (1984) purified endo 1,4-
p -D-xylanases from Streptomyces sp . KT-23, xylanase was purified 
to homogeneity by chromatographies on DEAE cellulose and Biogel 
p-100. The purified enzyme had an apparent Mr. of 43,000 and 
its isoelectric point was 6.9. The pH and temperature optima 
for activity were 5,5 and 55°C. The enzyme acted on ^ (1,4)-D-
xylan to produce mainly xylobiose and a small amount of xylose 
as final product. 
An extracellular xylanase purified from cellulase—negative 
mutant strain of S. lividans 1326 was purified to homogeneity by 
Morosoli e^ a]_. (1986), Mr 43,000 and pi 5.2 were reported. The 
pH and temperature optima for activity were 6.0 and 60°C and 
Km and Vmax 0.78 mg/ml and 0.85 mmol/min/mg of enzyme. The 
xylanase showed no activity towards CMC, p-nitrophenyl-')S-D-xyloside. 
The enzyme degraded xylan producing mainly xylobiose, 
mixture of xylooligosaccharides and small amount of xylose as end 
product. 
Cloning of xylanase gene 
Since the demand for microbial utilization of cellulosic 
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and hemicellulosic materials is increasing, application of recombi-
nant DNA techniques in these fields arouses niuch interest. The 
p-glucosidase gene of Escherichia adecarboxylate was cloned in 
E.coli by Armentrout and Brown (1981) this was probably the first 
cloning of cellulase gene. 
The cloning ol xylanase gene has been reported from various 
organisms in E. coll i . e . Bacillus pumllus. Bacillus polymyxa. 
Bacillus s p . , Clostridium acetobutylicum, Pseudomanas fluorescens, 
Bacillus circulans, Bacteroides ruminicola, Ruminococcus flavefaciens 
(Panbangred et a l . , 1983; Sandhu and Kennedy, 1984; Honda a^ a l . , 
1985; Zdppe QV_ al_. , 1987; Gilbert e^ al_. , 1988; Yang et^  al_. , 1989a; 
Whitehead and Hespell, 1989; Flint e^ al_..' 1989). 
/,„--— ~^ T" 
There have been / s e v e r a l / instance\ of homologous cloning 
The xylanase gene of Streptomyces lividans 1326 was cloned by 
functional complementation of the xylanase-negative and J3-1,4-glucon-
glucanohydrolase -negative double mutant of S. lividans using the 
multicopy plasmid pIJ702. Three clones had a common 2 kb DNA 
tragmcnt as determined by restriction mapping and southern hybr i -
dization. These clones secreted a xylanase of Mr 43,000 which 
reacted with specific antixylanase antibodies and corresponded 
exactly to the enzyme previously isolated from wild type strain. 
The DNA fragements likely carried the full structural gene, the 
xylanase promoter and also the regulatory sequence since the xylanase 
activity was inducible by xylan. Very high enzyme levels up 
to 380 lU/ml of culture filtrate were obtained. 
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Molecular cloning of a xylanase gene from Streptomyces 
s p . no. 36a and i t s ' exp res s ion in Streptomycetes is r epor t ed by 
Iwasaki e^ al_. (1986). The gene for an ex t race l lu la r xy lanase 
from Streptomyces s p . no. 36a was cloned in S^ . l iv idans using 
a pIJ 702 as a vector p lasmid . The smallest DNA fragment encoding 
the xylanase gene and i t s poss ib le promoter was detected to be 
kU4 Kb Sphl-SacI fragment by subcloning s t ud i e s . The xylanase 
gene fragment was t r ans fe r red into the pSK 2 se r ies of p lasmids 
and introduced in to ^ . kaugaensis G^  p ro top la s t . The cloned x y l a -
nase gene was e x p r e s s e d in both S. l iv idans TK 21 and S^ . kaugaensis 
G., and these clones produced and secre ted high y ie lds of xylanase 
into the cul ture medium. 
The cloning of xylanase gene in E. coli usually resu l t s 
in low expres s ion (Bernier e^ ^ . , 1983b; Panbangred e^ a\_., 1983), 
However, high express ion in E. coli have been repor ted for three 
xylanase genes, two from s t r i c t anaerobes Bacteroides succinogenes 
and Clostr idium acetobutylicum and one from Bacillus circulans 
(Sipat e^ al_. . 1987; Zappe e£ ^ . , 1987; Yang e^ ^ . . 1989b). 
Hyperexpress ion of Bacil lus circulans xylanase gene was achieved 
by mainpulating the inser t s i ze . Enchanner sequence in upstream 
region were thought to be respons ib le for these high express ion 
l e v e l s . DNA sequences involved in over production of end-ogluanase 
ac t i v i t y were cloned in Streptomyces l iv idans (Shareck Bt^ a l . . 
1987). 
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Cloning vector pUC 8 
Messing and coworkers constructed a series of plasinids 
containing multiple cloning sites in either direction relative of 
the lac Z gene, these also contain a modified ampicillin resistance 
gene from pBR 322 (Vieira and Messing, 1982). Plasmid contains 
a pBR 322 derived ampicillinase gene and origin of DNA replication 
ligated to a portion of the lac Z gene (Fig. 3 ) , when introduced 
in lac E. coli the plasmids give rise to blue colonies on LB con-
taining X-gal (5-Bromor-4—chloror-3—indolyl—'3 -D-galctopyranoside) 
cloning DNA fragments in to any of the multiple restriction sites 
inactivates the lac gene giving rise to white colonies (Vieira and 
Messing, 1982). 
Genetics of xylanase 
To best of our knowledge the position of xylanase gene 
on chromosomal map has not been mapped in Streptomyces. Genes 
controlling xylan utilization by Bacillus subtil is were reported 
by Roncero (1983). The structural genes coding for xylanase and 
xylosidase are tightly linked and located in map position 50 min 
of Bacillus subt i l i s . '' They ]observed linkage of two genes. This 
clustering is characteristic of functionally related genes in prokary-
otic microorganism. 
A complete nucleotide sequence of xylanase gene of Bacillus 
pumilus. Bacillus subt i l is , alkalophilic Bacillus sp and Bacillus 
Ffg.3.Restriction Map of pUC8 
H i n d i 
Avof A f c l 
EcoRi Smal BamHl Sa i l P s f l Hjnd I I I 
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circulans has been reported (Fukasaki t^^  ^ . , 1984; Paice et^ a l . , 
1986; Hamamoto e^ al^ . , 1987; Yang et^  al^ . . 1988b). 
Economic importance 
The need 0f utilizing renewable resources for -mpptipo man-
kinds future need of food and fuel focussed attention on the renew-
able polysaccharide^ produced in tons, notable in tropical regions 
of world, which have only scanty fossil fuel reserves. Fossil 
fuels of present day which are products of earlier geologic age 
also added optimism towards achieving such an object. Micro-
organisms able to breakdown lignocellulose have a great econoiiuc 
potential for increasing the utilization of renewable plant biomass 
as an animal feed and for production of fuels and chemicals by 
fermentation (Schneider e^ ^ . , 1981). 
Xylan hydrolysis could be of commercial significance lor 
several industrial processes l ike-
(1) In pulp and paper industry 
(a) For fibre modification such as microfibrillation 
(b ) Extraction of dissolving grade pulps. 
For these applications, the enzyme solution free of cellulase 
is required which otherwise could cause fibre damage. Hence 
molecular cloning of xylanase and xylosidase genes from suitable 
strains iff E. coli siiould greatly aid in producing hign levels 
of t iUulase free xylanase enzyme. 
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Xylose obtained from enzymatically treated xylan would 
be a feed stock for single cell protein (SCP) production. Alter-
natively fermentation of pentose sugar xylose to ethanol is possible 
either by intermediate formation of xylulose, xylitol or with some 
yeast by direct fermentation (Jeffries, 1981). 
Thermophilic bacteria are of particular interest in this 
respect both in their own right and as a source of desirable genets 
encoding highly 3&t*v^ thermostable protein for genetic construction 
in mesophjl.a§. The stabi l i ty of enzyme at high temperature is 
desirable as in large scale enzymatic hydrolysis , the temperature 
usually tends to shoot up. J Several species of /^treptomycetes are • 
known to produce xylanase but comparatively l i t t le information 
IS available regarding the biochemical and genetic regulation of 
these enzymes. 
(ad^ In recent years many iadvanc^s_.'have been made in develop-
ing acid hydrolysis process for xylan hydrolysis . But problems 
of large energy requirement, high equipment cost, corrosion problem, 
low product yield and fermentation ot mixtures containing toxic 
or unfermentable byproducts as well as nonspecific nature of acid 
hydrolysis have directed the research efforts towards enzyme 
hydrolysis which would bV -laaEe. specific and operative under 
relatively mild conditions. 
Cloning and expression of genes in heterologous host is 
not only to get better understanding of the regulation of gene but 
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also to construct a high enzyme producing strain by cloning and 
expressing gene in multicopy vector, with a higher specific activity 
than observed in natural isolates so far. 
Although many fungi are xylanase producers (Dekker and 
Richards, 197b) but their large scale cultivation is difficult because 
of slow generation time and coproduction of highly viscous poly-
mers. Among prokaryotes actinomycftes have been shown to rapidly 
colonize and extensively penetrate wood tissue possessing cellulase, 
hemicellulase and lignolytic enzymes (Hagerdahl at^  al_. , 1978; 
Crawford, 1981; Vanzyl, 1985]. 
Among actinomyctes, Streptomyces are especially attractive 
candidate^ because of genetic knowledge and cloning technology avail-
able wi+h- the organisms. Recent studies on the molecular character-
ization of Streptomyces xylanase suggest that xylanase enzyme from 
Streptomyces flavogriseus will be useful model for fundamental 
studies on protein secretion,expression and structure as well as 
applied research. 
J , This report details the molecular cloning and expression 
of /(l,4}-i9-D-xylanase (1,4-^-D-xylan—xylanohydrolase E.G.3.2.1.8) 
gene from Streptomyces flavogriseus on plasmid pUC 8 in Escherichia 
coll JM83 and analysis of some of its biological properties. 
CHAPTER II 
GENERAL MATERIALS AND METHODS 
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I . ORGANISM 
Following s t r a in s of Streptomyces f lavogriseus and Escher ich ia 
coli were used for t h i s s t udy : 
Strains Genetic marker Source 
Streptomyces f lavogriseus 
45CD 
E.coli JM83 
E.col i JM83 (pUC 8) 
Pro to t roph 
a r a , A ( l a c , p r o ) 
StrA, t h i . ^ 8 0 d 
lac ZAM15 
Dr.David Kluepfel, 
Inst i tut Armand— 
Frapp ie r ,Canada 
Prof .S . Gerbi , 
Brown Univers i ty , 
U.S.A. 
Plasmid has ampf" Prof. S. Gerbi , 
and lac Z markers Brown Univers i ty , 
U.S.A. 
II. MEDIA AND BUFFERS 
( i ) Zone clearing medium (ZCM) (Bernier et a l . , 198361 
Xylan 
KH^PO^ 
MgSO .7H2O 
FeS0^.7H20 
MnSO, 
CaCl»2H20 
Cellobiose 
Urea 
Thiamine 
10 gm 
2 gm 
1 gm 
0.05 gm 
0.05 gm 
0.10 gm 
1.00 gm 
2.50 gm 
0.001 gm 
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Tryptophan 0.04 gm 
Dist i l led water 1 l i t r e 
. Tliiamine and Tryptophan were autoclaved s e p a r a t e l y at 
12 J.bT'-nr' for 10 min. Before autoclaving the pH of the medium 
was adjusted to b . 5 . 
( i i ) Nutrient broth (NB) (Mi l le r . 1972) 
Difco nutrient broth powder 8 gm 
Sodium ch lor ide 3 gm 
Dist i l led water 1 l i t r e 
( i i i ) LB [Luria-Bertani] medium (Mi l le r . 1972) 
Tryptone 10 gm 
Yeast ex t r ac t 5 gm 
Sodium ch lor ide 5 gm 
Dist i l led water 1 l i t r e 
( i v ) Minimal medium (Mil ler . 1972) 
K2HP0^ 10.5 gm 
KH^PO^ 4.5 gm 
(NH^)2S0^ 1.0 gm 
Sodium c i t r a t e 0.5 gm 
MgS0^.7H20 0.2 gm 
Thiamine O.OOSgm 
Prol ine 0.20 gm 
Glucose 2.0 gm 
Dis t i l led water 1 l i t r e 
I-b/in 
3 gm 
5 gm 
3 gm 
10 gm 
1 l i t r e 
For 10 mir 
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Thiamine, MgSO-.VH^O, prol ine and glucose were autoclaved sepa-
r a t e ly and added l a t e r . 
(v ) YEME medium 
Yeast ex t rac t 
Bactopeptone 
Malt ex t rac t 
Glucose 
Dist i l led water 
Glucose was autoclaved s e p a r a t e l y at 10 ^ for n and added 
to final concentration of 1%. 
( v i ) Zone clearing medium (Sylves t re-Daigneaul t and Kluepfel,1979) 
(NH^)^SU^ 1 gm 
KH PU 1.5 gm 
K^HFO 5,0 gm 
MgSO^.VH^O 0.5 gm 
KCl 0.5 gm 
Trace metal solution 1.0 ml (Mandel and 
Sternberg , 
197b) 
Yeast ex t rac t 0.5 gm 
Agar 12.0 gm 
Dist i l led water ^ 1 l i t r e 
Before autoclaving pH of medium was adj .^ted to 7 
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( v i i ) Enzyme release medium (Jshaque and Kluepfel,1981) 
KH2P0^ 1.5 gm 
K2HP0^ 1.0 gm 
(NH^J^SO^ 1.4 gm 
Yeast ex t r ac t 2.0 gm 
Protease peptone 1.0 gm 
Tween-80 2.0 ml 
Trace metal solution 1.0 inl 
(Mandel and Reese, 
1957) 
Dist i l led water 1 l i t r e 
pH was adjusted 7 with NaUH before s t e r i l i z a t i o n . To this medium 
inducer was added to final concentrat ion of 1% to se rve as pr inc ipa l 
carbon source . After s t e r i l i z a t i on 30 mg CaCl^ ivere added a s e p t i -
ca l ly . 
( v i i i ) Sodium acetate buffer 
0.2M sodium aceta te buffer was p r e p a r e d in t r i p l e d i s t i l l ed 
water, pH of the solution was adjusted with acet ic acid to 5. 
( i x ) Phosphate buffer saline (PBS pH 7,2) 
K2HF0^ 1.21 gm 
KH^HU. 0.34 gm 
NaCl 8.0 gm 
Dist i l led water 1 l i t r e 
(x) Sodium citrate buffer (pH 4 .8) 
0.05M sodium c i t r a t e buffer was p r e p a r e d in t r i p l e d i s t i l l ed 
water and pH of the solution was adjus ted to 4.8 with c i t r i c ac id . 
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( x i ) Tris glycine buffer (pH 8 .3) 
Tris 25 mM 
Glycine 192 mM 
( x i i ) Tris-Borate buffer (TBE. pH 8.2) 
Tris 89 inM 
Boric acid 89 mM 
Ethylene diamine t e t r aace t i c acid 2.5 mM 
( x i i i ) Tris-Acetate buffer (TAE. pH 7.9) 
Tr i s -ace t a t e 4U mM 
Ethylenediamine t e t r aace t i c acid 2 mM 
( x i v ) Sterilization of buffers and media 
Buffers and media were autoclaved at 15 lb m for lU min. 
(xv ) Solidification of media 
It was achieved by addi t ion of 1.2% agar ( o x o i d ) . 
( x v i ) Antibiotics 
Fi l t e r s t e r i l i z ed aqeuous stock solution ol an t ib io t i c s uds 
p repa red and used at following concentrat ion. 
Ampicil l in 5U ug/ml 
Streptomycin lUO ug/ml 
III. GROWTH CONDITION AND MAINTENANCE OF CULTURES 
The Streptomyces s t r a i n s were maintained in a sporu la ted 
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form on YEME agar slants. All the cultures were stored at 4 C. 
Streptomyces cultures were routinely trahsferred every 30th day 
whereas E. coll cultures were transferred every 2U days. 
IV. CULTURE CONDITIONS FOR ENZYME EXPRESSION 
(i) Extracellular enzyme fraction t r i ' o C 
For enzyme preparations, culture was prepared by suspend-
ing the spores from 5-7 day old YEME slant in 10 ml of ERM without 
inducer. The incubation was carried out on a rotary shaker with 
an agitation rate of 240 rpm at 30°C for 24 h r s . /Th is )was used 
for inoculating 500 ml Erlenmeyer flasks, each containing 100 ml 
of medium ' with 2 ml of spore suspension and further incubating 
at 30°C on a rotary shaker. 
Samples of culture were taken at regular intervals through-
out the growth phase. The xylanase activity was measured by 
following the release of reducing sugar from xylan.^, The culture 
supernatant was collected by pelleting the cells at 6000xg for 5 
min, this supernatant was washed with 200 mM sodium acetate buffer, 
pH 5 in ultrafiltration unit using a membrane filter having a cut-
-off value of lOK dalton before use to remove low molecular weight 
compounds, this was lyophilized and redissolved in 200 mM sodium 
acetate buffer pH 5. This was treated as extracellular enzyme 
fraction. 
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V. PREPARATION OF CELL FREE EXTRACTS BY SONICATION 
Pellet of bac te r ia (2-4 gms i . e . of S^ . flavogriseus) was 
washed with U.2M sodium acetate pH 5, resuspended in same buffer. 
To prevent p ro t eo lys i s phenyl—methyl—sulphonyl—fluor ide (FMSF) 
was added to the supernatant to give a final concentration 0.1 mM. 
Bacter ial suspension was sonicated using (cel l d i s rup t e r model U-
220F, Heat sys tems ul t rasonic Incorporat ion, USA). Operated at 
2U Kc/sec , it was sonicated for 20 min with 2 min i n t e r v a l . During 
d is rupt ion the sample was kept in ice ba th . The sonicated ex t rac t 
was centrifuged at lO.OOOxg for 30 min at 4 C. The supernatant 
and pe l l e t s were t rea ted as in t r ace l lu l a r and cell bound fract ions. 
VI. CELL FRACTIONATION TECHNIQUES OF E.COLI 
Fract ionat ion of e x t r a c e l l u l a r , pe r ip lasmic and in t race l lu la r 
enzyme from E. coli t ransformants was c<u'ried out by method of 
Neu and Heppel (1965). 
Ex t race l lu la r a c t i v i t y was defined as subs t r a t e degrading 
ac t iv i t y found in cul ture supernatant and wash solut ions . The p e r i -
plasmic s u b s t r a t e degrading a c t i v i t y was defined as en/.\mdtic ac t i -
v i ty re leased during cold water shock t reatment . In t race l lu lar 
s u b s t r a t e degrading a c t i v i t y was defined as enzymatic ac t i v i t y found 
within the supernatant after c e l l -b r eakage via sonicat ion. 
fa) ,5jPeriplasinic fraction of enzyme 
Cel l - f ree e x t r a c t s were p r epa red from 200 ml overnight 
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E. coli culture containing pUC 8, centrifuged (10,00(yg for 10 min). 
The resulting cell pellet was washed thrice with 10 mM Tris-Cl 
buffer (pH 8) and was osmotically shocked as described by Neu 
and Heppel (1965), i . e . cells (1 gm wet weight) were suspended 
f^/f o 
in 80 ml of 20% sucrose - 0.03 M Tris-Cl pH 8 at 24 C yielding 
10 about 10 cells per ml. The suspension was treated with disodium 
EDTA to give a concentration of 1x10 M and mixed in a one l i tre 
flask on a rotary shaker (about 180 rpmj. After 10 min the mixturu 
was centrifuged for 10 min at 13,000xg in a cold room. The super-
natant fluid was removed and the well—drained pellet was rapidly 
mixed with a volume of cold water equal to that ol the original 
volume of suspension. The suspension was mixed on ice bath on 
a rotary shaker for 10 min and centrifuged, the supernatant here-
alter termed as cold water wash was removed. The periplasmic 
enzymes were recovered in the supernatant fraction after centrifu-
gation, 
(b) Intracellular'Traction-stf/enzyme^s \/ 
The shocked cells were suspended in ().2M sodium acetate 
buffer pH 5 for E. coli xylanase clones. After washing uith 
the same buffer solution they were sonicated (10 sec bursts for 
a total of 5 min). The supernatant obtained by centrifugation at 
lO.OOOxg for 10 min was further subjected to centrifugation at 12,000xg 
for 30 min and the cytoolasniiu and m.-'mbr-^ nf^  f'\=ctiOxns v.s.c • ~ 
covered in the supernatant and pellet respect ively. 
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VII. ENZYME ASSAY 
(1) Reagents for enzyme assay 
(a) Dinitro-salicylic acid reagent (Miller ej[ al_., 1960): 
per 100 ml of tr iple distilled water. 
Dinitro—salicylic acid (DNS) 1.0 gm 
Phenol 0.2 gm 
Sodium sulphite 0.05 gm 
Sodium hydroxide 1.0 gm 
(b) Rochelle salt solution: 
1% aqueous solution of Rochelle salt (sodium potassium tar-
tarate) , 
(i i) Xylanase assay 
The assay mixture contained 0.5 ml of appropriately diluted 
enzyme preparation and 0.5 ml of 1% xylan suspension in 0.2M sodium 
acetate buffer, pH 5, The reaction was carried out at 40 C for 
10 min, control consisted of 0.5 ml of 1% xylan suspension and 
0.5 ml of culture filtrate at 0 minute. The reaction was terminated 
by addition of 1.5 ml of DNS reagent and subsequent boiling for 
15 min. The amount of reducing sugar released was determined 
according to Miller e^ aj_. (1960) with D-xylose as standard. Absor-
bancs of the supernatant was measured at 575 nm against the control. 
Unit definition 
The conventional unit to define the activity of enzyme is 
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the amount of enzyme that catalyzes the release of 1 u mole of 
reducing sugar as xylose from substrate per mill i l i tre per minute 
at the optimum pH and temperature. 
( i i i) Specific activity 
It was defined as units per milligram of protein. 
VIII. PROTEIN ESTIMATION (Lowry e^ a^. . 1951) 
Proteins were estimated using bovine serum albumin as 
standard. (Tm^^f^ f 
Following reagents were used: 
(i) Reagent I: 8% Na2C0,, in tr iple dist i l led water, 
(ii) Reagent II: 300 mg CuS0..5H^0; 600 mg sodium potassium 
tartarate dissolved in 500 ml t r iple disti l led 
water. 
(a) Protein estimation 
For protein estimation, 0.5 ml of aliquot was mixed with 
5 ml of test reagent (Reagent I and II in 1:1 ratio as described 
above) and incubated at 37 C for 10 min. 0.5 ml of F^olin's reagent 
was added in the mixture vortexed and kept in dark for 30 min. 
Optical density of blue coloured complex was measured at 625 nm. 
Protein was estimated from the linear standard curve obtained from 
bovine serum albumin. 
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(b) T.C.A. precipitation 
Proteins were precipitated with 10% trichloroacetic acid 
according to Lowry el[ a]_. (1951), 0.2 ml of aliquot was mixed 
thoroughly with 2 ml of 10% TCA and kept for 3-4 h r s , in cold. 
It was then centrifuged at 2,000 rpm for 15 min, washed with abso-
lute ethanol, dried and finally dissolved in 0.2 ml of IN NaOH. 
Protein was estimated by Lowry's method as described above. 
IX. POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE) 
(a) Non-denaturing gel 
Slab gel electrophoresis was performed at room teni(§torature 
(Studier, 197J). Stacking gel and separation gels containing 2.5 
and 7.5% acrylamide gel were prepared from stock solution which 
contains 30% acrylamide and 0.8% N,N' methylene-bis-acrylamide. 
The stacking gel solution was 0.061 M Tris (pH 6.8] and separation 
gel solution was 0.377 M (pH 8.8] . The running buffer consisted 
of 0.025 M Tris and 0.192 M glycine pH 8.3. 
Enzyme sample prepared as described in Section 4 and 
5 was redissolved in electrophoresis buffer. Approximately 100 
ug of protein measured after TCA precipitation, was loaded in two 
lanes in non-denaturing gel. Gel was run at 60V for 1 hr . After 
stacking of the samples, the voltage was increased to 160 volts. 
Gels were electfbphoresed for a period of 5 hrs and gromophenol 
blue was used as a tracker dye. Following electrophoresis the 
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gel was removed. One lane was stained with Coomassie blue for 
vis ibi l i ty of protein bands and other lane was used for detection 
of endoxylanase activity by zymogram staining as described in section 
o 
(b) Denaturing gel 
All conditions and reagents were same as in non-denaturing 
gel except that sample and running buffer contained 2% and U.1% 
sodium dodecyl sulphate (SDS) respectively. The protein sample 
was suspended in sample buffer and kept at 37 C for 90 sec. before 
loading on the gel. The lane was used for detection of enzyme 
Act ivi ty was washed four times for 15 min in the reaction buffer, 
0.2M sodium acetate buffer pH 5 for xylanase activity'. The first 
two washes contained 25% isopropanol. 
(c) Zymogram staining for detection of enzyme activity 
Bands containing endoxylanase activity were detected by 
sensitive zymogram technique of Beguin (1983). The polyacrylamide 
gel washed and partially dried as described above was laid on 
top of agar replica consisting of 0.29o xylan, 0.2M sodium acetate 
buffer pH 5, 2% agar (w/v) . Bubbles were chased by gently rolling 
with a test tube, to prevent evaporation the whole assembly was 
covered. Transfer '^-'and xylan hydrolysis was allowed to proceed 
for 2 hrs at 50°C or . 0/N at 37°C following t^- '.rr-.ihailr.:^, 
gel and agar replica were stained with Congo red (0.1%) for 30 
minutes. Then Congo red was poured off and gel was washed with 
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IM NaCl until excess stain was totally removed from activity bands. 
Regions of enzymatic hydrolysis of xylan appeared as orange zone 
in a red background. After a final rinse in 5% acetic acid the 
background turned drak blue. The stained substrate was stored 
in 10% acetic acid or IM NaCl ( lea ther and Wood, 1982). 
X. METHODS IN DNA ANALYSIS 
(i) Phenol-chloroform extraction 
Phenol-chloroform (1 :1 , v/v) was used. DNA was mixed 
with an equal volume of phenol-chloroform mixture and contents 
were mixed until an emulsion was formed. The mixture was centri-
fuged at 6,000 rpm for 10 min, at 4 C to separate phenolic and 
aqueous phase. This aqueous phase contained DKA and protein 
was found in interphase. 
(i i) Ethanol precipitation 
Volume of DNA solution was measured, NaCl was added to 
a final concentration of 0.3M and DNA was precipitated with 2.5 
volumes of 96% chilled (-20°C) ethanol. The suspension was in-
cubated at -20°C overnight and centrifuged at 12,00Uxg for 15 min 
at 4 C to pellet the DNA. The DNA pellet was washed twice with 
75% ethanol and once with 96% ethanol then it was vacuum dried 
for 5 min, the pellet was finally suspended in TE buffer pH 8. 
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( i i i ) Agarose gel electrophoresis 
Higher molecular weight DNA was run in 0.5% agarose gel 
in Tris-acetate buffer pH 7.9, whereas lower molecular weight DNA 
was electrophoresed in 1% agarose gel in Tris-borate buffer pH 
8.2. 
Desired amount of agarose powder was added to a measured 
quantity of electrophoresis buffer. The slurry was heated in boil-
ing water bath until the agarose dissolved. Solution was cooled 
to 50 C and poured. 
w O t * ^ 
The chemicals used in this study _ ^ e as follows: 
Chemicals Source 
Acrylamide 
Agar 
Agarose 
Ammonium persulphate (AFS) 
Amino acids 
Ampicillln 
A 
Ammonium acetate 
Adenine 
Boric Acid 
Sisco Research Laboratories,Bombay, 
India 
Oxoid, London 
Sisco Research Laboratories, Bombay, 
India. 
Bethesda Research Laboratories 
Calbiochem, U.S.A. 
Cynamide, U.S.A. 
E.Merck, India 
Loba tnemit;, Inuid 
Sigma. U.S.A. 
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Brain Heart Infusion 
Bromophenol blue . 
Bovine albumin fraction V 
Calcium ch lo r ide 
Casamino acid 
Chloroform 
Cellobiose 
Coomassie b r i l l i an t blue 
Dextrose 
EDTA 
Ethidium bromide 
Glycerol 
Glucose 
Fo l in ' s reagent 
Ferrous su lpha te 
Glycine 
Magnesium su lpha te 
Magnesium ch lo r ide 
Lysozyme 
N,N' -methylene b i sac ry l amide 
N-N-N ' -N' - t e t r ame thy l 
e thy lene diamine (TEMED) 
Nutrient b ro th 
Difco Labora to r ies , Michigan,USA 
Himedia,Bombay, India 
Calbiochem, U.S.A. 
E. Merck, India 
Difco Labora to r ies , Michigan,U.S.A. 
B .D.H. , India 
Himedia, Bombay, India 
Sisco Research Laborator ies ,Bombay 
India 
E. Merck, Bombay, India 
B.D.H. , India 
S . R . L . , Bombay, India 
Pf izer , U.S.A. 
B .D.H. , England 
S . R . L . . Bombay, India 
Sarabhai Chemicals , India 
Himedia, Bombay, India 
Sarabhai Chemicals , India 
Loba Chemie, India 
Calibiochm, U.S.A. 
Sisco Research Labora to r i es , Bom bay, 
India 
E.G. Apparatus Corporation 
Difco, U.S.A. 
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Peptone 
Phenol 
Phenylmethyl sulphonyl 
f luoride (PMSF) 
Polyethylene Glycol 
(6,000) 
Potassium aceta te 
Polymixin-B 
Potassium dihydrogen 
o r thophospha te 
Potassium h y d r o x i d e 
Streptomycin 
Sucrose 
Sodium acetate 
Sodium potassium tartafrate 
Sodium az ide 
Sodium c i t r a t e 
Sodium h y d r o x i d e 
Sodium laury l su lpha te 
T r i s - h y d r o x y m e t h y l amino 
methane 
Try p tone 
Vitamin B. (Thiamine) 
Oxoid, London 
Sarabhai Chemicals , India 
Boehringer Mannheim, West Germany 
Sisco Research Labora to r i es , Bombay, 
India 
Loba Chemie, India 
Sigma, U.S.A. 
Sarabhai Chemicals , India 
Sisco Research Labora to r ies , 
Bombay, India 
Sarabhai Chemicals , India 
Sisco Research Labora to r i es , Bombay, 
India 
B .D.H. , England 
Sigma, U.S.A. 
Himedia, India 
B .D.H. , England 
E.Merck, India 
B .D.H. , England 
Sisco Research Labora to r i es , 
Bombay, India 
Himedia, India 
J' 
Calbiochem, U.S.A. 
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Yeast ex t r ac t 
Urea 
Xylose 
Xylan A}^ ' ' - (- (^p« 
Difco, 
Glaxo, 
Sigma, 
Sigma, 
U.S.A. 
India 
U.S.A 
U.S.A 
The chemicals which are not included in this l ist were of AR 
grade. 
CHAPTER III 
CHARACThRIZATION OF hNDO-XYLANASh ACTIVITY 
FROM STRtPTOMYChS FLAV06RISEUS ^5CD 
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INtllCWIICTION 
Xylan I (l-*4'j-'^ -D-linked polymer of xylose] i s the main 
component of hcmicellulose ancj forms / in large amounts in agr icu l -
tural wastes such as s t r aw, ha ra wood and corncobs . Enzymatic 
h y d r o l y s i s of ( 1 - ^ 4 ^ - D - x y l a n to xy lose is accomplished by sequen-
tial reac t ions , the f i rs t is the conversion of xylan to xy loaccha r ides 
by the ex t r ace l lu l a r endo ( l - » 4 ) - ' ^ - D - x y l a n a s e (1 ,4- '&-D-xylan^y]ano. 
h y d r o l a s e , E.C. 3.2.1.8] followed by h v d r o l y s i s to xylose by 
the in t race l lu la r '^ -D-xy los idase (l,4-'p>-D — xylan—xylohydro lase 
E.G. J . 2 . 1 . 3 7 ) . 
Xylanases have been purif ied and charac te r i zed from var ious 
microorganisms (Woodward, 1984) including severa l Streptomyces 
(Nakajima £t^ d_l_. . 19H4; Morosoli et_ aJ_. . lU3b). 
The xylanoly t ic enzymes are usualU inducible in nature 
and subject to end product inh ib i t ion (GascoLgne and Gascoigne 
19BU; King and Ful ler , 1968; Esteban e_^  aj^. , 1982). 
Xylan l iydro lys i s could be of commercial s ignificance since 
some indus t r i a l p rocesses , for example , the pul[) and paper indus t ry 
re lease large quant i t ies of xylan in t h e i r e i l luen t s . Al te rna t ive ly 
fermentation to ethanol is poss ib le e i t h e r by in termedia te formation 
of xylu lose (Wang et^ al^. , 1980) or with some yeas t s by d i rec t 
fermentation ( Je f f r ies , 1981; Schneider et al_. . 1981). 
Tnus lor efficient enzymatic h y d r o l y s i s a s t r a in would 
be recommended which would u t i l i ze xylan in nat ive hemicel lu lose 
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s t a t e . Fungi a re found to pene t ra te and colonize the wood but 
the i r large sca le cul t ivat ion is often difficult because of slow 
generation time, coproduction of h igh ly viscous polymers and poor 
/ . oxygen t rans fe r . Besides lungi, actinomyctes are also well associated 
with wood a n d M t s )colonization of wood in soi l and marine environ-
ment is r epor t ed (Crawford, 1978). Short term culture s tud ies 
showed that members of genus Streptomyces could r ap id ly colonize 
and ex tens ive ly pene t ra te wood t i ssue (Crawford and bulher land, 
1978). 
Streptomyces seem to •closely- resemble thei r fungal counter-
par t syfhan o ther ce l lu lose deg rade r s^ reta-t-i-ve- to bacter ia l anaerobes 
Streptomyces produce a large amount of e x t r a c e l l u l a r x\ ianase a c t i -
v i ty and offer a potent ia l advantage over fungi in being pr6K<)ry(3lo. 
Substant ia l u t i l iza t ion of Streptomyces for hemicellulose 
conversion would r e q u i r e much knowledge about the way they decom-
pose hemicel lu lose , the nature of enzymes involved and optimization 
ot var ious s t e p s leading to degrada t ion . This chapte r desc r ibes 
charac te r iza t ion of xy lanase errj,ji»c" from S. f lavogriseus 45C1} jiw-tti 
respec t to main paramete rs such as optimum temperature , optimum 
pH, thermal inac t iva t ion , /^ subs t ra t e s t ab i l i z a t i on , effect of i nh ib i to r s 
and product i nh ib i t i on . 
MATERIALS AND METHODS ( • ^ ^ ^ ^ ^ W - . . ) 
N^ " ^ ^ a v o g r i ^ u s was iiiaintai'HRd in sporulaffed form on YEME 
agar s l an t s^s§ to red at 4 ^ and rou t ine l}Ntransfe r red evh'i;\ 30 d a y s . v ^ v
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DETECTION OF XYLANASE ACTIVITY IN PLATES 
Different Streptomyces s t r a in s ava i l ab le in l abora tory were 
grown on zone clear ing medium (ZCM) containing 0.5% xylan . Pla tes 
were incubated at 30 C for 5-7 days and the xylanoly t ic a c t i v i t y 
was detected as c lear ing zone around the Streptomyces colonies 
on opaque xylan medium, the s e n s i t i v i t y of this method is increased 
in presence of 0.2M sodium aceta te buffer pll 5 which was added 
to p la te af ter t h i rd day and zone of clearing was obse rved on 
fourth day (Sylvest re-Daigneaul t and Kluepfel, 1979). To fur ther 
enhance the c lea r ing , p la tes were flooded with aqueous solution 
of Congo red (1 mg/ml) for 30 min, then washed with IM NaCl 
for 15 min, the zone of h y d r o l y s i s appeared as yellow halo in 
red background ( l e a t h e r and Wood, 1982). The zone of c lear ing 
is produced by degradat ion of 0 - i , 4 -g lycos id i c bonds of xy lan . 
ENZYME PREPARATION 
Enzyme w a ^ p r e p a r e d ^s desc r ibed in^,-Materials And Methods, 
IV. 
CHARACTERIZATION OF ENZYME 
(a) Optimal temperature for enzymatic hydrolys i s 
Optimal tempera ture of enzyme was determined by measur-
ing the in i t i a l r a t e s at which reducing sugars <;r(3 roicasod at d i l P -
erent t empera tures ranging from 20-60°C. 
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The reaction mixtures were incubated at different tempera-
tures for 30 min and the reducing sugar released was determined 
as described in Section Vlli, Gve-t\e-voJL w\oit--v'»ol wve^ Vods-
(b) Optimal pH determination 
For determination of the pH range at which enzyme is 
active, five different buffers were made covering the range between 
4-H. The enzyme activity was assayed at JO and 6(' min interval. 
(c) Thermal inactivation 
Samples of enzyme were preincubated at 4U , 50 and 60 
respectively. At the given time interval i .e . 1 hr, 2 h rs , 3 
hrs , 5 hrs , 12 hrs and 24 hrs aliquots wore assayed for enzyme 
activity at optimum temperature for 30 min. 
(d) Inducers for enzyme prodouction 
To determine whether S_. flavogriseus would produce xylano-
lytic activity if grown on substrate other than xylan, cells were 
grown in EKM supplemented with one of the varitjty of sugars i .e . 
maltose, xylose, mannose, sucrose, fructose, glucose, cellobiosc, 
lactose, arabinose, cellulose, avicel, carboxy methyl cellulose, 
galactose and glycerol to the final concentration of 1%. Supernatants 
were assayed for xylan degrading activity after time interval of 
12, 60, 80 and 108 hrs . 
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(e) Kinetic paraset^rs 
Determination of Km of crude culture filtrate was carried 
out by incubating fixed duiount of enzyme with increasing concent-
ration of substrate ranging from (J.l ing/ml to d mg, ml at temperature 
bO C for 15 min followed by assay for enzyme acti\-iiy. 
(f) Effect of detergents 
SUS and Triton X-IUO were added to standard enzyme assay 
to final concentration U.1% and 1% respectively to observe their 
effect on substrate degradation act ivi ty . This reaction mixture 
was incubated at optimum temperature and enzyme activity was 
measured. 
(g) Effect of inhibitors 
Various divalent cations and metal chelators were added 
to the standard xylanase assay to observe their effect \pn xylano-
lytic activity. The cations Ag , K , Ca , Mg^" were added 
to the final concentration of 100 mM and 10 mM respectively, EDTA 
was added to the final concentration of 100 m.M and 100 mM respect-
ively. 
EFFECT OF INCREASING END PRODUCT CONCENTRATION 
Xylose added at various-, concentration from 0-5% allows 
the detection ot concenti^ation at which the catabclic repression 
occurs ZCM plates were streaked with S. flavogriseus and incubated 
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at 30°C for 3-15 d a y s . Xylanolytic a c t i v i t y was measured by 
determining the magnitude of c lear zone formed in medium. The 
zone of h y d r o l y s i s can be seen with naked eye but it was enhanced 
by staining with congo red (0.1%) for 30 min and the excess s ta in 
was washed with IM NaCl. 
This assay is a semi - quant i t a t ive way of determining the 
amount of enzyme produced (Sylvestre-Daigneaul t and Kluepfel, 
1979). 
POLYACRYLAMIDE GEL ELECTROPHORESIS was ca r r i ed out as d e s -
cr ibed in Section IX of General Materials and Methods. 
RESULTS 
In view of our objec t ive to i so la te h ighl \ x\ lanolyt ic 
Streptomyces s p . s eve ra l s t r a ins ava i l ab l e in labord tor \ v\ere screened, 
They were as follows: 
1. Streptomyces wedmorensis ATCC 21230 
2. Streptomyces f lavogriseus 45CD 
3. Streptomyces graminfaciens ATCC 12705 
4. Streptomyces l iv idans 
5. Streptomyces s p . ATCC 21175 
SELECTION OF S. FLAVOGRISEUS STRAIN: PRIMARY SCREENING 
The above s t r a in s were screened for xy lano ly t ic a c t i v i t y 
according to Sylvest re-Daigneaul t and Kluepfel (1979). S. l l a \ o g r i s e u s 
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was selected as source of xylanase enzyme on the basis of extra-
cellular nature of enzyme and high magnitude of zone of cleaning 
on xylan plate (Fig. 1). 
SECONDARY SCREENING 
The second basis was the abil i ty of the strain to grown 
on solid media with xylan as sole carbon source on the basis of 
above two screenings S.flavognseus was selected for further studies. 
CHARACTERIZATION OF STREPTOMYCRS lAF 45CD 
S^ . flavogriseus produces grey aerial mycelium mass on 
all the media studied and sporulated abundantly on most of them. 
The spore chain morphology is typically rectiflexibilis and consists 
of upto 10 spores. The conidia have smooth surface as determined 
by electron microscopy. The strain grow s optimally at 30 C with 
temperature range of 20-37 C. The reverse side pigment of mycelium 
is distinctively yellow on YEME but no soluble pigment such as 
melanin are produced. 
XYLANOLYTIC ACTIVITY IN SUBMERGED CULTURES ' 
/ ^ ^ 
Strain was grown in/ ERM-t4% xylan and assayed for xylanase 
production. The s t ra ins were incubated at 30 C for 3 days and 
samples were taken every 12 h r s . 
Maximum activity in terms of enzyme unit i . e . 45 lU was 
produced in filtrates of strain after 2 days of incubation. In 
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72 hrs sample the enzyme activity was found to decrease sl ightly, 
though in 86 and 98 hrs sample it was relatively constant. The 
time course of xylanase production in S^. flavogriseus is shown 
in Fig. 2. Xylanase activity in medium increased proportionally 
to ceil growth, reached its maximum 48 hrs after inoculation and 
there after remained almost constant. Specific activity was found 
to be 27.5 lU per mg of protein. 
The extracellular filtrates contained only trace amounts 
of p -xylosidase. The intracellular xylanase levels were ver\ 
low as compared to extracellular levels. The cellulose system 
is inducible by xylan as primarily shown by Kluepfel and Ishaque 
(1982). 
INDUCERS OF XYLANASE ACTIVITY 
It was of interest to determine whether the strain would 
produce xylanolytic activity grown on carbon source other than 
xylan. Accordingly the strains were grown in ERM supplemented 
with one of tbi€ variety of sugars. Supernatants were assayed 
for xylanase activity at 12, 24, 3b and 72 hrs respectivelx . f[Ary\' ^ 
^-~- — . • (^fC 
Among all inducers tested xylan, lactose, mannose and 
galactose were found to be the most effective ones. The highest 
xylanase activity was obtained on xylan and lactose, yeast extract 
was also effective^^ for xylanase production. An initial oH 0.0-
7.0 and temperature 30 C was maintained in all condition. There 
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was basal level of xylanase production when strain was grown 
in medium containing glucose as sole carbon source. After 48 hrs 
xylan and lactose were found to be the most effective inducers, 
mannose and galactose also induced activity but to lower extent, 
with cellulose the activity reached maximum after 60 h r s , while 
glycerol, sucrose, fructose, arabinose, xylose, cellobiose, maltose 
and glucose were found to be very poor inducers as there was 
no increase in activity with time , 
The protein content was found to increase in first 12 hrs 
with xylan and lactose as inducer and there was considerable decrease 
after that, though later o n . i t was almost found constant, maximum 
value of 1.1-1.2 mg/ml was found, as far as other inducers are 
concerned, protein concentration was seen ascending for /20J hrs 
and then over next 12 hrs there was a heavy decline which later 
was almost constant. 
OPTIMAL TEMPERATURE FOR ENZYMATIC HYDROLYSIS 
The optimal temperature in 30 min assay with soluble larch 
xylan as substrate at pH ^ was 50°C for S. flavogriseus (Fig. 3). 
OPTIMAL pH FOR ENZYMATIC ITiTDROLYSIS 
r For determination of pH range at which xylanase is active 
four different buffers were used covering the range between 4-8, 
xylanase activity was assayed at 30 and 60 min intervals. At 
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both time i n t e r v a l s maximum a c t i v i t y was obtained at pH 6 though 
enzyme re ta ined 95% of i t s a c t i v i t y at pH 7. There was s teep 
decl ine in a c t i v i t y on a lkal ine s i d e (pH 8) (Fig . 4 ) . 
THERMAL INACTIVATION OF ENZYME 
The s t a b i l i t y * of enzyme against thermal inact ivat ion is 
shown in Fig. 5. Exposure at 3U C upto 48 h r s ha rd ly affected 
the enzyme whereas at 40°C the half l ife was 24 h r s and at 50 C 
the half life was further reduced to 2 .5 h r s . 
SUBSTRATE STABILIZATION 
Considerable subs t r a t e s t ab i l i z a t i on was observed at 50 C. 
In presence of subs t r a t e the enzyme was dramat ica l ly more s t a b l e , 
half l ife was extended from 2.5 h r s to 7 h r s . Acti \ ' i ty l eve l s 
in the presence of subs t r a t e were calcula ted on the bas is of reducing 
sugar re leased between adjacent time po in t s . 
INHIBITION BY CATIONS. CHELATORS AND DETERGENT 
Various divalent ca t ions , metal che la tors and detergents 
were added to s tandard xy lanase assay to observe thoir effect 
on xy lano ly t ic ac t i v i t y of s t r a i n superna tan t . It was observed that 
the enzyme a c t i v i t y was i nh ib i t ed s igni f icant ly by 200 uM of Hg 
however , the re was no inh ib i t ion by 20 uiri\^  , o ther cations at 
the concentration of 200 uM sliowed no significant i''^ .v-ilory effect . 
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There was over ail lack of Inhibition by these metals except at 
very high concentration as given in Table I. With EDTA no inhibi-
tion was observed at 1 mM concentrations whereas 50 mM and 100 
mM resulted in only 5% and 12% inhibition respectively. 
With detergents i . e . SDS and Triton X-100 at a concentration 
of 1% there was considerable inhibition (Table I ] . 
PRODUCT INHIBITION 
Inhibition of xylanase by addition of xylose was studied 
by adding varying concentration of xylose in ZCM+xylan (0.5%) 
plates. The strains were grown on them. It was possible to 
assess rapidly not only the degree of catabolic repression of xyla-
nase production by xylose but also in semiquanitative way the 
amount of enzymes produced, xylose was added at varying concent-
ration (0-2.5%). This variation allowed the detection of xylose 
concentration at which catabolic repression occurred. The petri^f 
plates were incubated of 30°C for 3-12 days and examined regularly 
for zone clearing around the colony. 
ZCM + Xylose (0.1%) no clearing 
ZCM + Xylose (0.5%) + Xylan (0.5%) Large zone of clearing 
ZCM + Xylose (1%) + Xylan (0.5%) Zone of clearing half of 
the above 
ZCM + Xylose (2.5%) + Xylan (0.5%) no zone of clearing 
ZCM + Glucose (0.5%) no clearing 
ZCM + Glucose (1%) + Xylan (0.5%) narrow zone of clearing 
ZCM + Glucose (2.5%) + Xylan (0.5%) very narrow zone of 
clearing 
Fig. 1: Detection of endoxylanase act i \ i ty in Streptomyces 
flavogriseus on zone clearing medium containing xylan 
(0.5%)'. Plates were Incubated at 30 C for 5-7 days 
and xylanolytic act ivi ty was detected as clearing 
zone by staining with congo-red according to leather 
and Wood (1982). 

Fig. 2: xylan degrading activity in culture supernatant of 
S. flavogriseus. It was grown at 30 C in ERM contain-
ing xylan (1%) and initial pH 7. Production of 
xylanase activity of culture was followed for 120 
h r s . Aliquots were taken at different culture times 
aseptically and assayed for xylanase activity. 
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Fig. 3: Optimal temperature for endoxylanase of S^ . flavogriseus 
It was determined by measuring the initial rates 
at which reducing sugars are released at different 
temperatures ranging from 20-60 C at pH ^ in 30 
min assay. The reducing sugar released were measured 
according to Miller et al. (1980). 
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Fig. 4: Optimal pH for endoxylanase of ^ . flavogriseus. 
The enzyme reaction was carried out with different 
buffers covering the range between 4-8, at 50°C 
for 60 min assay. The reducing sugar released 
were assayed according to Miller et al. {19faD). 
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Fig.5: Thermal inactivation of S. flavogriseus endoxylanase. 
bamples of enzyme were preincubated at 40 C, 50°C 
and 60°C respectively at different time intervals 
aliquots were assayed for enzyme activity at optimum 
temp. 50°C and pH b, in 30 mm assay. Reducing 
sugar released were assayed according to Miller 
et a l . (1960). 
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Fig. 6: Folyacrylamide gel electrophoresis (7.5%) of xylanase 
fraction of S. flavogriseus which was prepared as 
described in Chapter 2. 
Lane I reveals zymogram of xylanase fraction of 
extracellular S^ . flavogriseus xylanase. Lane 2: detect-
ion of bands after Coomassie blue staining. S. flavogriseus 
revealed endoxylanase activity corresponding to 
42,000, 29,000 and 18,000 dalton protein. 
Ij 
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SDS PAGE ANALYSIS OF XYLANASE 
A concentrated crude p repara t ion of endoxylanase was p r e -
pared from cu l tu re supernatant of S^. f lavogriseus by ammonium 
sulphate fractionation followed by redisso lu t ion in (J.05iVI sodium 
acetate buffer pH 5. It was e l ec t rophore t i ca l ly sepa ra ted on 
7.5% polyacrylamide gel containing SDS. 100 ug of protein was 
loaded in two lanes on SDS PAGE. Half of the gel was stained 
for protein with Coomassie blue whereas the remaining half was 
used for sens i t ive zymogram technique by washing it free of SDS 
with 25% isopropanol in 0.2M sodium aceta te buffer pH 5 and then 
incubated on top of 2% agar shee t containing 0.2% xylan following 
incubation, subs t r a t e was washed and immersed in 0.1% ^ n g o red 
for JO min followed by washing in IM NaCl. 
Region of enzymatic h y d r o l y s i s of xylan appeared as orange 
zone on a red back ground that matched in posit ion to cor respond-
ing "P -1 ,4 -endo-xy lanase band on Coomassie blue s tained PAGE. 
Three d is t inc t endo-B-( l , 4 ) ~ x y l a n a s e a c t i v i t y band were observed 
in the zymogram s ta ined por t ion corresponding to 42,000, 29,000 
and 18,000 dalton prote in in Coornasie blue s tained gol (Fig. 6 ) . 
DISCUSSION 
'•^Xylanase a c t i v i t y has been cha rac te r i zed in de ta i l from 
severa l Streptomyces s t ra in ( Ishaquo and Kluepf^l. '*^B1;; iviarui 
et a l . , 1985; Kluepfel et a l . , 1986). While screening a va r i e ty 
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of Streptomyces for xylanolytic activity by a previously described 
method (Sylvestre-Daigneault and Kluepfei, 1979) ^ i^a3»B=9±JMmi was 
selected on the basis of ,l«#teE==aaifiittt^e,,**«*r (zonei /^ clearing'* on 
agar xylan medium^ ^(^T^ flavogriseus^p.Poducetl—clearing—arouad—W*e-
solonioG^ indicating the synthesis of extracellular xylanase and 
led to further investigation of ('strain. 
/ -When t^te—cotttme—erf—mespphili^ Streptomyces f was grown 
on ERM containing xylan (1%) in shake flasks it produced consider-
able amounts of extracellular xylanase. The extracellular proteins 
and xylanases were closely related and proportional. The growth 
was rapid reaching i ts maximum in 48 hrs , the optimal growth 
temperature was found to be 30 C, though the strain was able 
'J-
to grow at J7 C, maximal levels of xylanase over 45 lU were obtained 
after 48 hrs of incubationj|t maximum yields of xylanase upto 200 
lU by a basidiomycete ScleYotium rolls 11 have been reported by 
Sadana et al . (1980). These values were obtained from 14 day 
old culture. Thus the 45 lU of xylanase activity produced in 
filtrates of S^ . flavogriseus after two days of incubation compare 
favourably with Sclerotium rolfsi i . 
The specific activity for xylanascb of S. flavogriseus was 
found to be 27 LU. per mg of protein which is comparable with 
results obtained from S. lividans (Morosoli et^  al^.. 1986). 
f 2^0^ Xylnnrnin ii"Ti'i i 1 j w iH—^ ' '^ ' i ' F iiii ' i i •rv '••'ri 
*i»—iiaLUlTT. Approximately 80% activity was released in^the medium. 
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Intracellular xylanase levels were very low compared with extra-
cellular activity. 
Nutritional studies with S^ . flavogriseus demonstrated the 
inducibility of xylan hydrolysing enzymes. The inducible nature 
of xylanase is inagreement with .earlier reports (Gascoigne and 
Gascoigne, 196U; King and Fuller. 1968; Howard e^ a].. , 1960). This 
fact contrasts with some reports concerning ^ - D xylanases in eukary-
otic microorganisms. Notario e_t^  al . ' (IM/tj) demonstrated 
the constitutive nature ol those enzymes in Cryptococcus albidus 
var. aereus, enzyme is synthesized even in presence of glucose 
as carbon source. 
The extracellular xylanase activity was obtained from culture 
filtrates of ^. flavogriseus, it exhibited versati l i ty in utilizing 
different carbon sources as inducers for xylanase. Xylan and lactose 
were found to be the most effective inducers, mannose and galactose 
also induced activity but to lower extent,©n avicel as substrate, 
the enzyme production was minimal for first 48 hrs then the activity 
increased during next 24 hrs to about 5 lU and levelled off there-
after^ however when xylan served as carbon source considerably 
higher xylanase activity was obtained reaching 45 lU in 48 hrs 
Glycerol, sucrose, fructose, arabinose, xylose, cellobiose, maltose 
and glucose were found to be poor inducers. Mannose and galactose 
also induced xylanolytic activity which is logical as D-mannose 
and D-galactopyranosyl residues are often found in varying amounts 
alongwith acetate and uronic acid residues in xylan (Timell,1967]. 
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Most of the enzyme activities were detected early during 
the growth cycle and reached maximum close to the midpoint of 
complete growth. Although the organism grew well in absence 
of added lignocellulosic materials (0.7 mg/ml), enzyme levels were 
just above the levels of detection i . e . 0.59 lU/ml. 
Johnson e_^  a]_. (1988) have reported that addition of oat 
spelts xylan to basal medium resulted in highest obserxed production 
of endo-'P'-l,4,xylanase i . e . ; 20.30 lU.'' 
The fact that xylan is the best carbohydrate for B-D-xyla-
nase induction is in agreement with the results published by 
Wakaiishi ct al (lij'/ij) onfi -D-xylanase synthesis by Streptomyces sp. 
The optimal pH for xylanase activity was found to be 
6, whereas in alkaline side there was heavy decline in activity. 
The Streptomycete xylanases have relatively high thermo-
stabili ty like those of other bacteria such as Bacillus while the 
temperature optimal is similar to that of fungal xylanases (Hagerdahl 
et a l . . 1978). S^ . flavogriseus was found to have half life or 
24 hrs and this was shortened considerably to 2.5 hrs at 50 C. 
*^  The presence of substrate, however, extended the half 
life of enzyme from 2.5 to 7 hrs at 50°C, similarly at^ 4°C/the 
half life was increased from 24 to 40 h r s . The similar effect 
::as bnnn reported oarlinr fnr Z. MavLigrisfa .^::, cellulose; OMzynvjL 
(Ishaque and Kluepfel, 1980). 
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Km value of S^ . flavogriseus endoxylanase was found to 
be 0.75 mg/ml which is comparable to S.lividans endoxylanases, 
Km 0.60 mg/ml. Km value is low compared to fungal and yeast 
xylanases which range from 4-20 mg of xylan per ml. 
All the divalent cations added to standard xylanase assay, , 
substantial inhibition occurred with addition of 200 uM of Hg 
whereas moderate inhibition occurred with 200 uM Ag , other 
cations i . e . Cu and Mg only caused substantial inhibition 
when present in concentrations as 10 and 100 mM. The overall 
lack of inhibition of xylanase degrading activity by these metals 
except at very high concentrations indicates that metal precipitation 
technique could possibly be used to help purify this act ivi ty. 
The addition of 50 mM and 100 mM EDTA to the assay resulted 
in only 5% and 12% inhibition suggesting that this compound was 
not chelating cations required by xylanase. 
S. flavogriseus (Kluepfel and Ishaque, 1982) when grown 
on xylan induces both xylanase and ce l lu l^e enzymes. This seems 
to indicate that parts of xylanase gene exert some control on the 
expression of cellulose gene. 
The product inhibition demonstrated by S. flavogriseus 
on adding xylose or glucose in medium containing xylan points 
towards a regulatory mechanism in which besides the necessity 
of inducer, xylose and glucose are also jffucting the synthosi.-i 
of "B-D-xylanase. The question whether or not the effect is due 
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to catabolic repression can be answered only by studying effect 
of cAMP in glucose growing strain. 
Zymogram of culture filtrate of S^ . flavogriseus revealed 
that it codes for multiple xylanases corresponding to Mr 42,000; 
29,000 and 18,000 respectively. However 95% of the -activity was 
localized in the fraction corresponding to/18,000\jVlr. \ 
Fractionation studies by Johnson et al . (1988) of partially 
purified extracellular preparations from S. flavogriseus gave some 
insight into the complexity of the xylanolytic enzyme system. Three 
distinct endo-B-(l,4) xylanases, one neutral and two anionic acti-
vities obtained by anion exchange chromatography however molecular 
weight was not characterized. ^ \ 
The molecular weights of several xylanases have been 
reported ranging from 15,000 to JO,000 daltons (Dekker and Richards, 
1976). Xylanase of higher molelcular weight are also known to 
exist . The xylanases from Talaromyces byssochlamydoides YH-
50 have molecular weights ranging from 45,000 to 70,000 {Yoshioka 
e^ £]_. , 1981). 
Hemicelluloses bear characteristic substituents on the main 
polymer chain, as a result complete hemicellulose hydrolysis re-
quires substituent hydrolyzing enzyme activit ies in addition to 
e n d o - ^ - ( l , 4 ) xylanase, Johnson et^  aj^. (1988) have reported that 
S^ . flavogriseus are generally well suited to such processes. 
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Althougti a Dumber of Streptomyctes are known to degraae 
lignocellulos*^ e'Moi^iitly only two mesophilic species. Streptomyces 
flavogriseus (Kilniiepfel and Ishaque, 1982), ^. livldans (Kluepfel 
et a l . , 1986! ?TL one thermophilic species Thermomonospora mesophila 
(McCarthy et_ al. , 1986) have been objects of close study. 
This organism can be suggested as a model for studying 
the synthesis and regulation of xylan hydrolytic enzyme wtien using 
a variety of inducers and also for studying in a comparative way 
the convergence and difference between prokaryotic and eukaryotic 
microorganisms in relation to utilization of complex polysaccharide. 
This s t ra in/can be choice organisms for utilization of xylan 
in native form which Streptomyces are known to utilize 'as they 
produce celluloses, hemicelluloses and lignolytic enzymes (Crawford, 
1981; Kluepfel and Ishaque, 1982) which are all essential for com-
plete degradation of lignocellulose biomass. 
57 
Table- I 
Effect of cations chelating agents and detergents S . f lavogr i seus . 
Inh ib i to r s Concentrations % Inhibi t ion 
Hg"^ "" 20 urn 0 
200 um 94 
Cu^"' 200 um 0 
1 mM 25 
Ag^"" 200 um 20 
Mg"''^  10 mM 7 
EDTA 50 mM 5 
100 mM 12 
SDS 0.1% S3 
Triton X-lOO 0.1% 42.5 
CHAPTER IV 
CONSTRUCTION OF GhNOMIC LIBRARY OF 
STRtPTOMYCtS FLAVOGRISEUS IN hSCHtRICHIA COLI 
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INTRODUCTION 
The application of recombinant DNA technology has led to 
severa l a t tempts towards ident i f ica t ion of s t ruc tu ra l genes coding 
for xylanase from different microorganisms (Yang et a l . .1989fl.; Whitehead 
and Hespell , 1989; Flint £^ a]_. , 1989). 
Cloning and exp re s s ion of these genes in multicopy plasmid 
vector allowed- subs tan t ia l over production of xylanase due to gene 
dosage effect. Ident i f icat ion and cloning of gene in heterologous 
non-xylanolyt ic E.coli host has a lso led to understanding of s t r u c t u r e , 
function and regulation of xy lanase genes (Bernier e^ al_. , 1983b 
Mondou e^ al_. , 1986; Iwasaki e^ al_. , 1986; Honda et_ al_. , 1986; 
Gilbert et^  a^. , 1988). The wide range of potential uses for cloned 
xylanase genes makes i t d e s i r a b l e to i sola te a va r i e ty of genes 
from different sources so that v a r i a b l e c h a r a c t e r i s t i c s of the enzyme 
(such as temperature and pH optima) can be matched to a speci f ic 
t ask . 
Streptomyces a re excel lent source of xylanase enzyme (Nakajima 
et^  al^. , 1984; Morosoli e^ al_. , 1986; Johnson e^ al^. , 1988; Godden 
et a l . , 1989). S^. f lavogr iseus an ex tens ive ly s tudied s t r a in (Kluepfel 
e^ aj_. , 1980; Ishaque and Kluepfel. 1980, 1981; Kluepfel and I shaque , 
1982; Mackenzie et_ a]_. , 1984a, 1984b. 1984c, Ghopter—i—*#—t+H^ 
t-hooiig) was se lected as source for xylanase gene. This chap te r 
de sc r ibe s construction of genomic l i b r a r y of S. f lavogriseus in 
Escher ichia col i . 
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MATERIALS AND METHODS \ ^ •^ ^ ^ /' — 
1. Streptomyces flavogriseus 45CD was used as a source of xy lanase 
gene. E. coil JM 83 (>^CI857) was used as a host s t ra in and pUC 8 
was used as cloning vec to r . E. coli ( \ c I 8 5 7 ) lysogen was cons-
tructed in lab by o the r s and prov ided for s-tudy. Genetic markers 
of s t r a in s are desc r ibed in general material method section 1. 
2 . Media: YEME medium with 34*0 sucrose ; 0.005 M \'gCl was 
used for growth of S. f lavogriseus in l iquid cu l tu re , v\hereas LB 
medium was used for growth of E. co l i . 
3. Antibiotics: F i l t e r s t e r i l i z e d aqueous solution of ampici l l in 
(amp) and s t reptomycin ( s t r ) were used at the final concentration 
of 50 and 100 ug/ml. 
4 . Solutions and buffers : 
( i ) TE Buffer: 10 mM T r i s - C l , pH-8. 1 mM EDTA 
( i i ) Tr i s -Bora te (TBE): 89 mM T r i s - C l , 89 mM Boric ac id , 
2.5 mM EDTA, pH 8.2 
( i i i ) T r i s - ace t a t e (TAE): 40 mM Tris-acetatO; 2 mM EDTA 
pH 7.9 
( iv ) jjind III digest ion Buffer: 6 mM Tr i s -C l , pH 7 .5 , 
6 mM MgCl2,60 mM NaCl. 
(v) Ligation Buffer: 66 mM T r i s - C l , pH 7.2 , 1 mM EDTA, 
J' 
10 mM MgCl2. 10 mM DTT. 1 mM ATP, 1 mM bpormidine 
and 200 ug/ml ge la t in . 
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(v i ) Chloroform-Isoamyl a lcohol : Chloroform and i soamyl-
alcohol were mixed in ra t io of 24:1 ( v / v ) . 
(v i i ) Phenol-chloroform: Equal volumes of Tr is sa tura ted 
phenol containing U.IM NaCl was mixed with chloroform 
isoamyl-alcohol mix ture . 
5. DNA and enzymes: Plasmid pUC 8 was a gift of Prof. S.Gcrbi 
Brown Univers i ty , U.S.A. A Hind III fragmenLs were purchased 
from Bethesda Research Labora to r i e s , USA. Restr ict ion ondonuclease 
Hind III , T4 DNA l igase and calf in tes t inal a lkal ine phospha tase 
(CIAP) were purchased from Boeringer Mannheim, W. Germany. 
6. Agarose gel e lectrophoresis : Higher molecular weight DNA 
was run in 0.5% agarose gel in T r i s - ace t a t e buffer, lower molocular 
weight DNA was e l ec t rophoresed in 1% agarose gel in Tr is bora te 
buffer. Desired amount of agarose powder was added to a measured 
quanti ty of e l ec t rophores i s buffer. The s l u r r y was heated in 
boiling water bath until the agarose solution was cooled to 50 C 
and poured. 
7. Isolation of plasmid DNA and purification of supercoil forms 
(Uirnboim and Uolly, 1979). 
( i ) Harvesting of bac t e r i a : 1 l i t r e of E. coli JM83 {pUC 8) 
was grown in LB at 32 C for 12 hrs ce l l s were ha rves t ed by cen t r i -
fugation at 4U00xg for 10 iiiin at 4''C. buperudtdiii wci.-;, dl^^uaided 
and pel le t was washed with 100 ml of ice cold STE (0.1 M NaCl, 
10 mM T r i s - C l . pH 8 and 1 mM EDTA). 
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Bacter ia l pe l le t from 1 l i t r e cul ture was suspended in 
20 ml of solution 1 containing 50 mM glucose, 25 rnM Tr i s -C l , pH 
8. 20 mM EDTA and 5 mg/ml lysozyme. The suspension was kept 
at room tempera ture for 5 min, 40 ml of f resh ly made solution 
II was then a d d e d . Contents were gently mixed and left on ice 
for 10 minutes. The solution II contained 0.2N NaOH and 1% SDS. 
After 10 minutes on i ce , 30 ml of ice cold solution of 
3,M potassium acetate pH 4.8 was added and tube was left on ice 
for 10 minute. The suspension was centrifugatf at 12000xg for 10 
minute at 4 C. The supernatant was t r ans fe r red into another tub^, 
2.5 volumes of ch i l l ed 95% ethanol ^'s added and / suspended in 
15 ml of O.IM ammonium aceta te wh'ich was again p rec ip i t a t ed with 
95% ethanol pe l le ted at 12000xg for 15 min d r i ed and suspended 
in 5 ml TE buffer, pH 8. 
PURIFICATION OF CLOSED CIRCULAR DNA BY CENTRIFUGATION TO 
EQUILIBRIUM IN CESIUM CHLORIDE ETHIDIUM BROMIDE GRADIENT 
For every ml of DNA solut ion, 1 gm of sol id cesium ch lor ide 
was added , mixed until a l l the sa l t was d i s s o l v e d , othidium bromide 
was added to final concentrat ion of bOO ug/ml. h'inal densi ty of 
solution was 1.55 gm/ml. Refractive* index being 1.386. 
.rv 
Cesium c h l o r i d e solution containing DNA was 'centrifuged 
at 45,000 rpm for 36 hours at 20 C in l^ectcman type 65 ro to r . Lower 
band consist ing of c losed c i r cu l a r plasmid DNA, v i s i b l e in long 
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wave u l t r av io l e t l ight was col lected with a sy r inge . Ethidium b r o -
mide was removed by ext rac t ion with an equal volume of 1-butanol 
sa tura ted with isoamyl a lcohol . Aqueous phase was co l lec ted , 
ex t rac t ion was repea ted five times until all the pink colour d i s -
appeared from the aqueous solut ion. Aqueous phase was d ia lyzed 
against s eve ra l changes of TE buffer, pH 8. 
ISOLATION OF CHROMOSOMAL DNA 
Chromosomal DNA of Streptomyces f lavogrlseus 45CD was 
isola ted exac t ly as desc r ibed by Chater et a l . (1982). DNA frag-
ments isola ted by th i s technique were la rge ly more than 40kb in 
length. 
( i ) Mycelium was ha rves t ed from 4(J-48 h r cul ture grown in YKME, 
34% sucrose , U.005M MgCl^ and washed with 10% g lycero l . 
f. gm (wet weight) mycelium ^^jta^ suspended in 25't) sucrose , 
U.U5M Tr i s pH 8 to 6 ml final volume, 0.6 ml lysozyme (10 mg/ml) 
w ^ added and incubated at 30 C, t r i tu ra t ing by p ipe t t e at 15 
min in t e rva l s until a drop is completely c leared by adding a drop 
of 10% SDb. To th i s 1.2 ml of 0.5 M liDTA and 0.7 ml pronase 
(p red iges t ed ) 10 mg/inl x ^ s added and incubated for 5 min at 30 C. 
Deproteinization was done by shaking the suspension with 6 ml 
phenol (containing 0.1% 8-hydroxyquinol ine and sa tura ted with TE 
containing O.lM NaCl) for at leas t 10 min. To th i s 6 ml ch loro-
f(jrm ^vj!^ added shook for 5 min centr i luged to separa te phase s , 
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aqueous phase was removed s lowly to reduce shear ing and r e - ex t r ac t ed 
phenol/chloroform phase with half i t s volume of TE containing 
0.1M NaCl, centrifuged and pooled the aqueous phase with the 
previous aqueous phase . The pooled aqueous phase was r e - cx t r ac t ed 
with phenol and chloroform twice , if necessary to reduce in t e rphase 
material and th i s ex t r ac ted twice with chloroform to remove phenol. 
Then RNase was added to final concentration 40 ug/ml and incubated 
for 1 h r at 37°C. Then 0.2 volumes of 5M NaCl was mixed gently 
and PEG 6000 (30%) was added to 10% final concentration and left 
for 6 h r s at 0-4 C overn igh t , centrifuged gently and supernatant 
was d i s ca rded , pe l le t was d i s so lved in 5 ml TE containing O.IM 
NaCl shaking gently at 30°C for upto 24 h r s . Then DNA was p r e -
c ip i t a ted with 2.2 volumes ethanol and 0.3M sodium acetate left 
A-
for 1 hr at -70°C or overnight at -20°C. DNA was sedimented by 
centrifugation and pel le t was washed with ethanol until O.D.,,^ 
of ethanol was ze ro . DNA was d r i e d in vacuum and dissoU'ed 
in s t e r i l e TE buffer. 
DIGESTION OF S. FLAVOGRISEUS CHROMOSOMAL AND pUC 8 PLASMID 
DNA WITH HINd HI RESTRICTION ENZYME 
10 ug of supercoi l forms of pUC 8 DNA was digested with 
10 units of Hind III enzyme in 200 ul buffer containing 6 mM T r i s -
Cl pH 7 .5 , 6 mM MgCl2 and 60 mM NaCl for 5 h r s at 37°C. The 
DNA was checked for completion of d.igestion in 1% agarose gr.l 
in T r i s - b o r a t e buffer. 
w 
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20 ug of S^ . f lavogriseus chromosomal DNA was digested 
i t h 100 U of Hindlll at 37°C for 3 h r and DNA was checked for 
digest ion in 0.5% agarose gel in TAE buffer, 3 h r s digest ion gave 
fragments in range of 0.5-10 Kb. 
Hind i n d iges ted pUC 8 and Streptomyces DNA were mixed 
with an equal volume of phenol :chloroform (24 :1 , v / v ) centrifuged 
at 10.000 rpm for 10 min at 4 C. Aqueous top l aye r was p ipe t ted 
and r e - e x t r a c t e d with phenol :ch loroform. Aqueous l ayer was col l -
ec ted , sodium ch lo r ide was added to final concentration of 0.3M 
and mixed with 2.5 volumes of ch i l l ed 95% e thanol . 
The ethanol p r e c i p i t a t e d DNA was kep t overnight at -20 C. 
The DNA was pe l le ted by centrifugation at 12,000 g for 20 min 
at 4°C. The pe l le t was washed t h r i c e with 500 ul of 75% ethanol , 
f inally with 95% e thanol , pe l le t was d r i ed in vacuum for 5 min 
pUC 8 DNA pel le t was suspended in 20 ul of 10 mM T r i s - C l , p H 8 and 
Streptomyces DNA pe l le t was suspended in 30 ul TE buffer. pH 8. 
DEPHOSPHORYLATION OF Hind III DIGESTED pUC 8 DNA 
The terminal 5 ' p h o s p h a t e s ol pLiC 8 l inear DNA wnm removed 
by Iroatnient with calf in tes t inal a lka l ine phospha tase (CIAP) 
(Maniatis et^  al_. . 1982]. 
10 ul of 10 mM T r i s - C l , pH 8 containing 4 ug of Hind 
Hi digested pUC 8 DNA ijtas' d i lu ted to 450 ul and IM Tr i s -Cl , 
^ 
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pH 9 was added to final concentration of 10 mM and 14 units of 
CIAP were added . Reaction was ca r r i ed out at 65°C for 1 h r . 
Reaction mixture was ex t r ac t ed th ree times with an equal 
volume of phenol :chloroform:isoamylalcohol (25:24:1) and then three 
times with chloroform : isoamylalcohol ( 24 :1 ) , Aqueous phase was 
col lec ted , sodium ch lo r ide was added to 0.2M and DNA was p r e c i -
p i ta ted with 2.5 volumes ethanol and i-ftetibated at -20 C overn igh t . 
DNA was pel le ted and suspended in 10 ul of TE buffer, pH 7 .5 . 
Dephosphorylat ion was checked by l igation of an al iquot 
using T4DNA l igase . 
LIGATION 
The ligation mixture contained 50 ug of Hind III digested 
^ . f lavogriseus genomic DNA, 150 ug of Hind III d iges ted , dephos -
phory la t ed pUC 8 DNA, 1.5 ul of lOX l igat ion buffer. The react ion 
volume was made up with t r i p l e d i s t i l l e d deionized water . The 
react ion mixture was incubated for 2 min at 37 C and l igation was 
in i t i a t ed by the addi t ion of 4U of T4 DNA l igase . The react ion 
was ca r r i ed out at 14 C for 12 h r s . An aliquot was taken out 
for ana lys i s on agarose gel and r e s t of l igated mixture was t reated 
at 65 C for 10 min, and used d i r e c t l y for t ransformation. The methods 
a re e s sen t i a l l y desc r ibed by Ish-Horowicz and Burke (1981). 
TRANSFORMATION 
Transformation of l igated mixture was done by the method 
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desc r ibed by Kushner (1978). The lysogen E.coll JM83 (>^c:i857) 
was used as host s t r a i n . The phage ^\cI857 remains in lysogenic 
s t a t e at 32°C whereas at 42 C the r e p r e s s o r is inac t iva ted , resul t ing 
in l y s i s of E. col^^. Hence lysogen was grown at 32 C throughout. 
E. coli JM83 (XdI857) was s t r eaked on LBStr pla te on the day 
preceding the exper imen t . A single colony was inoculated in 10 
ml LB at 32°C. The cul ture was grown to 5x10 ce l l s /ml at 32 C, 
2 ml of cul ture was centrifuged in a 25 ml screw capped tube 
at 5,000 g for 10 min. The pe l le t was suspended gently in 1 ml 
of solution A (composit ion: MOPS 10 mM, pH 7 and 10 mM Rbcl ) . 
The ce l l s were centrifuged again and supernatant was drained off 
complete ly . Pel le t was resuspended gently in 1 ml solution B 
(Composition : O.IM MOPS, pH 6 . 5 ; 50 mM CaCl„ and 10 mM Rbcl] 
and incubated in ice for 15 min. Cells were recovered again by 
centrifugation at SOOOxg for 10 min at 4 C. Supernatant was drained 
off and pe l le t was gently resuspended in 0.1 ml of s t e r i l e buffer 
of preceding s t e p . 200 ng of plasmid DNA in 10 ul of TE (pH 
8) was added and tube was placed on ice for 30 min. Heat shock 
was given for 30 sec at 43.5 C p r i o r to the addi t ion of 1 ml LB 
(containing ampic i l l in 50 ug/ml) and incubated for 2 hr at 32 C 
without shak ing . Transformation mixture was plated on LB plate 
containing ampic i l l in and s t r ep tomyc in . Plates were incubated 
at 32 C for 24 h r . Ampici l l in and s t rep tomycin r e s i s t an t clones 
were screened from tota l recombinants , they represen t clones with 
p la smids . 
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SELECTION OF TRANSFORMANTS WITH RECOMBINANT PLASMID 
Transformants were plated on LB plate containing 50 ug/ml 
ampicillin and 40 ug/ml X-gal. Blue colonies represented transfor-
mants with pUC 8 plasmid without insert whereas white colonies 
represented transformants with plasmid containing insert. White 
colonies from the total transformants were picked up. 
ANALYSIS OF RECOMBINANT PLASMIDS IN AGAROSE GEL {Eckhardt,1978) 
(a) Buffers and solutions 
(i) Lysozyme mixture: The mixture consisted of lysoz\ me (7,500 
units/ml) RNase I (Sigma, O.J units/ml), 0.05% bromophenol blue 
in Tri's-borate buffer and 20% Ficoll 40.000 (Sigma). The ribo-
nuclease (10 mg/ml] was first dissolved in 0.4M sodium acetate 
buffer pH 4.0 and treated for 2 min at 80°C before diluting it 
into rest of the lysozyme mixture. 
(ii) SDS mixture: It contained 0.2% SDs in Tris-borate buffer 
and 5% Ficoll 40,000. 
(b) Electrophoresis procedure 
For electrophoresis a standard vertical slab gel was used. 
1% agarose in TBE buffer was used for gel. 
(c) Loading eind lys is procedure 
Plasmids of F. coli clones were determined by the method 
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of Eckhardt (1978). E.coli clones were grown on LB amp plate 
for 48 h r s . They were picked with tooth pick, suspended in 
15 ul lysozyme mixture. Suspension was put into empty slots of 
vertical agarose gel. It was left for 2 minutes at room temperature. 
30 ul of SDS mixture was carefully layered on the top of bacteria 
lysozyme mixture and two layers gently mixed with tooth pick 
moving it from side to side. After this 100 ul of overlay mixture 
was layered on top of SDS lysozyme layers without disturbing the 
viscous DNA lysate. Slots were sealed with molten agarose {50 C) 
and both chamber of electrophoretic apparatus were filled with 
electrophoresis buffer. The plasmid DNA was electrophoresed 
for faO min at 2 mA and then for 150 min at 40 mA. Gel was 
stained with 0.5 ug/ml ethidium bromide for 30 min. Plasmid 
bands were visualised on a UV transilluminator. Photograph of 
the gel was taken on polaroid camera using Type 55 film. 
RESULTS 
^. flavogriseus was selected as source of xylanase gene. 
Plasmid pUC 8 was used as vector for cloning of S. flavogriseus 
genomic DNA fragments and E. coli JM83 was used as host strain. 
CELL GROWTH AND DNA ISOLATION 
£. flavogriseus was grown in YEME medium lor 48 hrs 
at 30 C. Chromosomal DNA was isolated by the method of Chater 
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e^ al^. (1982). 1 mg of DNA was obtained from 1 l i t r e of c e l l s . 
DNA concentration was measured by absorbance at 260 nm, A260/A280 
nm r a t i o was L 8 . DNA was found to be more than 50 Kb in si/je 
using Hind III as s ize marker . 
GENERATION OF RESTRICTION FRAGMENTS 
S^ . f lavogriseus chromosomal DNA was digested with Hind 
III r e s t r i c t i o n enzyme for different time p e r i o d s . Digestion for 
3 h r with 5 U enzyme/ug DNA y ie lded DNA fragments ranging from 
U.5 Kb to 10 k b . The s ize of r e s t r i c t i o n fragments were es t imated 
by comparison with e l ec t rophore t i c mobi l i t i es of known Hind III 
marker . 
PLASMID DNA PURIFICATION AND DIGESTION WITH HINd III RESTRICTION 
ENZYME 
Plasmid DNA was ex t r ac t ed by a lka l ine l y s i s method and 
superco i l forms were purif ied in cesium ch lo r ide -e th id ium bromide 
gradient DNA concentration was measured by absorbance at 260 
nm. A260/A280 nm ra t io was found to be 1.8. 
pUC 8 plasiiud contains a unique Hind III s i t e , superco i l 
forms of pUC 8 DNA when diges ted with Hind III were conver ted 
into l inear forms. An al iquot of Hind III d iges ted pUC 8 was 
self l igated with the DNA l igase . The fragments l igated which 
showed that Hind 111 ends generated by r e s t r i c t i on digest ion were 
per fec t ly c lonable . 
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DEPHOSPHORYLATION OF HIND III DIGESTED pUC 8 DNA 
The terminal 5' phospha tes were removed from Hind III 
d iges ted pUC 8 DNA by treatment with calf in tes t inal a lka l ine phos -
pha tase (CIAP). 
After dephosphory la t ion an al iquot of DNA was taken, s u s -
pended in l igation buffer and was l igated with T4DNA ligase at 
14 C for 12 h r s . No ligation was obse rved when DNA was e loc t ro -
phoresed in 1% agarose gel using Hind III digested pUC 8 DNA 
as a marker . The dephosphory la t ed DNA did not self l iga te . 
LIGATION OF Hind III DIGESTED STREPTOMYCES DNA TO Hind III 
DIGESTED pUC 8 DNA 
Hind III digested Streptomyces DNA fragments were l igated 
to Hind III l inear ized dephosphory l a t ed pUC 8 DNA at 14 C for 
12 h r s using the T4 DNA l i ga se . Ligation was checked by e l e c t r o -
phores i s of an al iquot on 1% agarose gel using Hind III digested 
S^ . f lavogriseus chromosomal DNA fragments and Hind III pUC 8 
as m a r k e r s . Ligation seemed to occur as l igated fragments showed 
h igher mobil i ty than both the m a r k e r s . 
TRANSFORMATION 
Transformation was done by the method of Kushner (1978) 
,-^0.5 ug plasmid DNA was used and 10,000 transformants were obtained 
on LB amp. p l a t e s . Screening of transformants on X-gal pla te 
Fig, 1: LB amp p la te containing X-gal showing blue colonies 
which a r e transforinants without inser t and u h i t e 
colonies which a re i ransiormants witlj i n se r t . 
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allowed immediate selection of colonies containing inserts (Vieira 
and Messing, 1982). Colonies containing insert formed white colonies 
while colonies without insert ware blue on X-gal plate (Fig. 1). 
85% of colonies were found with insert . 
DISCUSSION 
pUC 8 plasmids are extremely useful for cloning diid express-
ing foreign genes (Vieira and Messing, 1982). The pUC 8 plasmid 
consists of a pBR 322 derived ampicillinase gene and origin of 
DNA replication ligated to Hae 11 fragment containing lac region 
of E. coli. Lac region contains lack promoters, operator and lacE^-
gene. Lac region has a DNA insert containing an array of unique 
restriction enzyme recognition si tes into which restriction fragments 
0 
can be inserted with the help of T4 DNA ligase and Hind III site 
is one of them. E. coli containing pUC 8 when plated on LB plate 
containing X-gal (5 —bromo-4-chloro-3-indolyl-'B-D-glactoside) forms 
blue colony, when fragment is inserted in one of the restriction 
sites in lac region, lac Z gene is inactivated and it forms white 
colonies on X-gal plate. X-gal is a colourless dye which in pre-
sence of ^ -D-galactosidase encoded by lac Z gene is converted 
in to a blue coloured compound. The cloning of Hind III digested 
^ . flavogriseus genomic DNA fragments into Hind III site of pUC 8 
plasmid inactivated the lac Z gene giving r ise to white colonies 
on X-gal plate. 
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Thus screening of transformants an X-gal plate allowed 
immediate selection of colonies containing inserts (Vieira and Messing, 
1982). As described in results 85% of clones were found with insert . 
The treatment of Hind III linearized pUC 8 plasmid DNA with calf 
intestinal alkaline phosphatase provided convenial low background 
cloning as phosphatased vector was unable to ligate within itself. 
Low background due to successful phosphatase treatment was re -
vealed as 85% of white colonies were found on LB X-gal plate. 
Extensive growth of competent E. coll JM8J cells on LB 
agar plates devoid of ampicillin indicated the viabili ty of cel ls . 
The absence of growth on LB-agar plates containing ampicillin proved 
that cells were sensitive to ampicillin in absence of plasmid. 
Cloning of structural gene coding for endoxylanase enzyme 
0 
has earl ier been reported from Streptomyces lividans (Mond^u e^ 
a l . . 1986) where the xylanase gene was cloned by functional comple-
mentation of the xylanase negative and "^ -1,4-glucan-glucanohydrolase-
negative double mutant of £. lividans using a multicopy plasmid 
pIJ 702, another report has been on cloning of xylanase gene from 
Streptomyces Sp. no. 36a in S_. lividans as well as S.kangaensis 
(Iwasaki el[ al^ . , 1986). 
The approach of gene cloning in E^. coli has shown serious 
limitations such as secretion of enzyme in extracellular environment 
••»'hich represents a majur difficulty for irit: aevelopiiient of large-
scale production of xylanase by genetically engineered «ram negative 
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microorganisms, hence we have cloned enzyme in E. coli JM 83 
(XcI857 tS) which is a 7tI857 lysogen of a strain JM 83 constructed 
in this laboratory. 
The E. coli lysis could be obtained by temperature indum-
of the lysogen at 42°C which results in complete lysis of 
cells. Transformation in such a lysogen was attempted to overcome 
the problem of release of enzymes in E. coli. 
t^W 
CHAPTER V 
SCRttNING AND CHARACTERIZATION OF 
ESCHERICHIA COLI XYLANASE CLONE 
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iNTRoaxrrioN 
There is a great economic potential in microorganisms capable 
of degrading xylan. Although the use of cellulases is important 
in the degradation of raw straw and woody materials, upto 30% 
of the mass of wood is composed of hemicellulose which has a 
large D-xylan content. The enzymatic breakdown of lignocellulose 
using cellulases alone is unlikely to be cost effective without the 
concurrent use of xylanases. However, the levels of D-xylanase 
secreted and the subsequent degree of D-xylan digestion are low. 
One method by which the D-xylanase production can be 
increased is to isolate the gene{s) coding for D-xylanases on a 
chimeric plasmid and then to modify the expression of these genes 
by coupling the gene to a strong promoter, eliminating the operator 's 
sensitivity to repression and increasing the efficiency of trans-
lation. 
Cloning of xylanase genes from Streptomyces sp. (Iwasaki 
et a l . , 1986) and S. lividans (Mondou et a l . , 198G) and their express-
ion in Streptomyces host resulted in higher yield of on/^ynie. Homo-
logous cloning in Streptomyces was preferred than in heterologous 
E. coll system as it overcomes the problem of secretion of enzyme 
into the extracellular environment. 
^^ 
In spite of the limitation of secretion, xylanase genes from 
various microorganisms have been cloned and expressed in I£.coli 
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because it provides a genetically known system to understand struc-
ture, function and regulation of .the cloned genes in non-xylanoJytic 
environment (Bernier et^  a]_., 1983b; Sandhu and Kennedy, 1984; 
Yang et^  al.. . 1988a). 
S^ . flavogriseus has been extensively studied by Kluepfel 
and Ishaque 1982) and also in our laboratory for its use in fer-
mentation (Chapter / ) . However, there is no report on cloning 
and characterization of xylanase genes from this strain .^hich—re 
->xliscuoood—rn—t+»s—ehapteiT This chapter describes the selection 
of E. coli transformant containing xylanase gene from S. flavogriseus 
its characterization and a novel approach of induced lysis to release 
the recombinant enzyme. 
MATERIALS AND METHODS 
J t/ 
Bacterial s train and plasmid: Described in Chapter ^ 
Selection of xylanase positive clone 
White transformants obtained on X-gal plate were plated 
on Luria agar containing xylan (0.2%) and ampicillin for 6 hrs at 
32 L. The plates were shifted to 42 C for 30 min to induce the 
lysogen followed by 2 hrs incubation at 40 C. Enzyme activity 
was detected using Congo red (O.l^ fe w/v) followed by d^stainim 
O 
with IM NaCl (Teather and Wood, 1982). A clear halo was observed 
around clones which had digested xylan in the surrounding medium. 
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Screening by lysozyme chloroform treatment 
For seeing„..£omparatively the amount of enzyme released 
by temperature induction and jji situ lysis . The colonies containing 
recombinant plasmid were picked on LB plate supplemented with 
xylan (0.5%) and ampicillin. The plates were incubated at 30 C 
for 16 to 24 h r s . They were then treated for 1 hr with chloroform 
vapours and air dried for 30 min prior to covering the surface 
with 3 ml of s ter i le top agar in 10 mM Tris-Cl, pH 8 containing 
0.5 mg/ml of lysozyme (Sigma) (Bernier et a l . , 1983b]. The plates 
were incubated at 30°C for 24 hrs to allow xylanase to diffuse 
and produce a cleared zone around the colony which was detected 
by ^ongo red (Teather and Wood, 1982). 
Isolation of plasmid from clone E. coli JM83 (pSx 4) 
Plasmid DNA of E. coli JM83 (pSx) was isolated by alkaline 
lysis method of Birnboim and Doly (1979). 400 ml cells grown 
at 30°C in LB broth containing ampicillin were harvested by centri-
fugation at 4,000 rpm for 5 min at 4 C. The pellet was washed 
with 50 ml of solution I (composition: 50 mM glucose, 25 mM Tris-
Cl pH 8, 20 mM EDTA) and was suspended in 20 ml of same buffer 
containing 5 mg/ml lysozyme. Cells in solution I were incubated 
for 5 min at room temperature. 
O 
After 5 min, 40 ml of solution II (corrtposilion: 0.2N NaOH, 
1% SDS) was added, mixed gently and placed on ice for 5 min. 
After 5 min, 30 ml of ice col a j|(i2fil«|iorrji^]^t^M potassium 
acetate, pH 4.8) w ^ added, mixed gently and incubated on ice 
for 5 min. 
The precipitated protein, SDS and chromosomal DNA were 
removed by centrifugation for 10 min at 20,000 ^prn) at- 4°C, Pellet 
was discarded and supernatant was kept which contained plasmid 
DNA. Plasmid DNA was precipitated with 2 volumes of chilled 
96% ethanol, incubated at room temperature for 2 min and centri-
fuged for 15 min at 12,000xg at 15°C, 'pellet containing DNA was 
suspended in 5 ml of O.IM ammonium acetate and reprecipitated 
with 96% ethanol. DNA was finally suspended in 100 ml of TE buffer 
(pH 8). 
Plasmid DNA was analysed on 1% agarose gel in TBE buffer 
using pUC 8 andXHind III as control markers. 
Ethanol precipitation and agarose gel electrophoresis has 
been described earlier in Chapter 2.*^ 
^ x/ 
Transformation of E.coli JM83 with recombinant plasmid 
E. coli JM83 (X(^I857) was transformed with 0.1 ug of recom-
binant plasmid DNA as described in C h a p t e r ^ . j)U i 
Digestion of recomblnEint plasmid with Hind III restriction enzymes 
1 ug of plasmid DNA was digested with 24U of Hind III 
restriction enzyme (Boehringer) in Hind III reaction buffer (described 
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in Chapter 4) in 100 ul reaction volume. The digestion was carried 
out at 37 C for 5 hrs and products were analysed on 1% agarose 
gel in TBE buffer. Electrophoresis was done at 30 mA for 1 h 
and gel was stained with ethidium bromide (0.5 ug/ml)for 30 min 
and photographed using Type 55 polaroid film. 
Enzyme production 
Cells were grown in LB with 0.5% larchwood xylan (Sigma) 
for 24 hrs at 30°C cells were harvested by centrifugation at 4,000 
£^mH for 10 min at 4 C. Culture filtrate was kept as extracellular 
enzyme fraction. 
Ceil pellet was treated as follows to release enzyme 
from cells. 
(a) By osmotic shock: (Neu and Heppel, 1965) as described in 
Chapter 2. 
(b) By sonication: as described in Chapter j | _ _ 
(c) Enzyme release by lambda induced lysis of E.coli clone: 
For enzyme preparation E_. coll (pSX) was grown in LB broth at 
30 C till 0D(- - 0.8 was obtained. The lysogen was induced at 
42 C for 40 min followed by subsequent incubation at 37 C for 2 
hrs t i l l lysis appeared. DNase was added to a tinal concentration 
of 25 ug/ml and lysate was incubated at 37 C fur 30 uiin followed 
79 
by centrifugation at 50,000 x g for 30 min at 4 C. Supernatant was 
collected, concentrated and used as a source of enzyme. 
Xylanase assay 
Method for xylanase assay has been described in Chapter 
Optimum temperature for enzymatic hydrolysis 
The enzyme reaction was conducted at different temperatures 
i . e . 30, 40, 50 and 60 C. Appropriately diluted enzyme was mixed 
with an equal volume of 1% larchwood xylan and incubated at diff-
erent temperatures for 30 min. Reaction was terminated by boiling 
at 100 C water bath for 15 min. The reducing sugar concentrations 
were determined according to Miller ej^  al_. (1960). 
Optimum pH for enzymatic hydrolysis 
The enzyme reaction was carried out at 50 C in 0.2M sodium 
acetate buffer of different pH range i . e . 4-8. After 30 min reducing 
sugar was measured. 
Thermal inactivation 
Aliquots of cell extracts containing xylanase activity were 
incubated at 40, 50 and 60°C. At definite time intervals aliquots 
were taken and assayed for xylanase act ivi ty . 
Protein estimation: was carried out according to Lowry et a l . (1951J 
as described in Chapter 
# 
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Polyacrylamide gel electrophoresis 
PAGE was performed according to standard method of Studier 
(1973) as described in Chapter /, (j^ 
Zymogram staining of polyacrylamide gel for detection of endoxylanase 
activity 
Bands containing endoxylanase were detected by sensitive 
zymogram technique of Beguin (1983) as described in C h a p t e r ^ , / y 
RESULTS 
A gene bank of ^ . flavogriseus was constructed by shot 
gun cloning in E, coli JM83 ( )VGI857) using the Hind III site of 
the vector pUC 8. Approximately 10,000 ampT transformants were 
obtained, out of which 8500 (85%) formed white colonies on X-gal 
plate indicating the presence of inserts . All the white transformants 
were plated on LB xylan plates supplemented with ampicillin. 
The colonies were grown at 3fl.°C for 6 hrs , shifted to 40 C for 
3 h r s . Xylanase activity was revealed by the appearance of a 
clearing zone surrounding the presumptive positive clone. The 
zone of clearing was detected by Congo red staining technique of 
Teather and Wood (1982) (Fig. 1). 5 clones were obtained and 
were purified on minimal medium containing proline. Clones were 
then analyzed for plasmid DNA as well as enzyme activity in liquid 
broth. The xylanase positive clones did not show any cellulase 
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activity. One of the clones designated as (pSX 4) was selected 
for further studies. 
For seeing comparatively the enzyme released by temperature 
induction of lysogen and in situ lys i s , the enzyme was released 
Dy both methods. The zone of hydrolysis was seen to be almost 
the same. 
Transformation of E. coll JM83 ( CI857) with recombinant plasmid 
E. coli JM83 ()*>cI857) was transformed with 0.1 ug of re-
combinant plasmid, the transformants were analysed in agarose gel 
(Eckhardt. 1978), all of them carried the insert (Fig. 2) . And 
displayed xylanase activity when grown on LB xylan plate. This 
confirmed that xylanase gene was present in the plasmid. 
Release of xylanase activity by lambda induced lys is of E.coli 
E. coli JM83 (\cI857) was used as host strain for trans-
formation. Lambda induced lysis resulted in release ofTtotah xyla-
nase activity in extracellular medium. 
Characterization of insert containing xylanase gene 
Plasmid pSX 4 isolated by alkaline lysis method of Birnboim 
and Dolly (1979) was pure enough to be digested with Hind HI 
restriction enzyme. Hind III cffgestion of recombinant plasmid DNA 
2.7 kb was linear pUC 8 fragment' and 0.5 kh fragment war. the 
insert containing cloned xylanase gene (Fig. 3) .XHind III and pUC 8 
Hind III fragments were used as size markers. 
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Localization of endo-xylanase produced by pSX 4 
The cellular location of endoxylanase was studied with 
exponentially growing cells of recombinant strain. Extracellular, 
periplasmic and intracellular fractions prepared at different time 
intervals by cell fractionation technique were assayed for xylanase 
activity. {_0.1 mw) PMSF was included during sonication to prevent 
protease activity. The activity was found to be cell associated 
during the growth phase and some activity was seen .in the culture 
medium during stationary phase. After 24 hrs of culture ..aiflnrsT^ 
8-10% of the total activity was recovered from the culture medium, 
rest was intracellular in nature (Table I ) . The increase in enzyme 
concentration in extracellular fraction was coupled with concomitant 
decrease in intracellular activity. 
Expression of xylanase gene in E. coll 
In Streptomyces flavogriseus the xylanase activity was 
essentially extracellular in nature. The biosynthesis of enzyme 
found in culture was inducible and subject to catabolite repression. 
In the pSX 4 clone in both minimal and rich medium the activity 
was highest at the end of exponential phase reaching 8.4 lU/ml. 
The kinetics of growth and^^ndoxylanase ""firoduction were studied 
in recombinant strain was similar to that of JM83 hosting pUC 8 
without insert . Endoxylanase was produced during the exponential 
growth phase upto 8.4 IU/ml,_^ This maximal value was stably main-
tained for at least 24 hrs (Fig. 4) . 
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The specific activity of endoxylanase was almost constant 
during the whole growth phase. The cloned enzyme lacked catabolite 
repression which was confirmed by an experiment run at a xylose 
concentration of 10 gms/l i t re . It was consequently concluded that 
in pSX 4 the biosynthesis of endoxylanase was not regulated by 
catabolite repression of carbon source in conditions tested (Table 
2). The biosynthesis of enzyme was not affected in cells grown 
on media containing different carbon source. 
Characterization of endoxylanase produced by recombinant pSX 4 
The endoxylanase isolated from pSX 4 showed almost identical 
physico-chemicaT^properties with that of parent S.flavogriseus. N m 
The rate of "xylan hydrolysis by the endoxylan ider 
various pH conditions was determined and found the optim'um dCtivity 
in pH range 6-7 (Fig. 5) . 
The optimal temperature of xylan hydrolysis by cloned 
xylanase with larch wood xylan was found to be 50 C (Fig.6). 
When the enzyme samples were pre-incubated without subs-
trate at different temperature for different time intervals and then 
assayed at 50 C. It was observed that activity decreased as pre-
incubation temperature was increased with 20% loss of activity on 
o 
incubating at ao°C for 48 h r s , at 50°C the half life was found 
to be 18 hrs and it further reduced at 60^C to 1.5 h rs . This enzyme 
Fig. l : a. Detection of xylanase activity of E. coli xylanase 
positive clone (1-5) and E. coli (pUC 8) on xylan 
agar plate. Bacteria were grown on LB xylan plate 
for b hr at 32°C. Colonies were lysed by induction 
of lambda at 42°C for 30 min, followed by incubation 
at 40"c for 2 h r s . The enzyme activity was detected 
by ^ n g o - r e d staining according to Teather and Wood 
(1982). E. coll (pUC 8) served as negative control, 
b. Clear zone in red background around pSX4 colony (arrow). 
t # 0 m m % 
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Fig . 2: Agarose gel ana lys i s of E. coli t ransformants carrying 
pSX 4 recombinant p lasmid . pSX4 plasmid was i so -
lated from xy lanase pos i t i ve clone E. coli JM 83 
(pSX4) and was used to rc t ransform E. coli JM83. 
The E.col i t ransformants scored as ampici l l in res i s tan t 
colonies were analysed for pJasmid by slot gel analys is 
desc r ibed by Eckhard t (1978). (Agarose 1%, T r i s -
ora te buffer, e l ec t rophores scd for 60 min at 2mA 
and then 150 min at 40 mA). The arrow Indicates 
the p lasmid , lane (1) E. coli JM83 (pSX4), lane 
(2-\%) t ransformants . 
1 Z 3. ^ 5 6 + « ^ vo u 1 ^ 1 ^ ! ^ ^ ^ ^ ? 
Fig. 3 : Agarose gel e l ec t rophores i s of recombinant plasmid 
v/ DNA (1% Agarose, Tr i s -Bora te buf fe r ) . 
Lane '(2J r ep resen t s Hind III d iges t of pUC 8 and 
lane (j[) r ep re sen t s Hind III d iges t of recombinant 
plasmid DNA. 
# 
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Fig. 4: Growth and kinetics of endoxylanase produced by 
E.coli pSX4. Cells were grown at 30°C on LB medium 
containing larchwood xylan and ampicillin (50 ug/ml). 
Growth and production ' of xylanase activity of the 
culture was followed for 24 h r s . Growth was moni-
tored by absorbance measurements in Bausch and 
Lamb spectronic 20 "vat 575nm ( • ) . Xylanase activity 
was measured as (^escribed in Chapter p/ Xylanase 
activity w,as.^ —r.ap*>gsBifii#d- "-tjb —cx^ tAaeee. 11 u U r dLllUi V^" 
present in culture supernatant (0) and cellular ae^ivrty 
(A). 
in 
Q 
d 1-
0-8-
0-6-
0-3 • 
02^ 
0-1-
8 12 16 
T ime [hrs] — 
20 2i. 
Fig. 5 : Optimal pH for endox\ lanase of E. coli pSX4 was 
determined by carrying out the enzyme reaction 
at 50 C, in 0.2M sodium acetate buffer pH range 
4-8 , ' for 30 min. Reducing sugar was measured accord-
ing to Miller et a l . (1960). 
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Fig. 6: Optimal temperature for endoxylanase of E. coll 
pSX4. The enzyme-reaction was carried out at diff-
erent temperatures i . e . 30, 40, 50 and 60 C for 
30 min in 0.2 m Sodium acetate buffer pH 6. Reaction 
was terminated by boiling at 100 C water bath for 
JU min. Reducing sugar concentration was determined 
according to Miller et al. (1960). 
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Fig. 7: Thermal inactivation of endoxylanase of E-coli pSX4, 
Q^ bMW">^S ^ i q u o t s of culture supernatant containing xylanase 
activity were incubated a t ' 4 0 , 50 and 60 C in 0.2M 
sodium acetate buffer pH 6. ^t •'liiil iiii In llllln iiilni—• 
and assayed for xylanase 
».j ac t i -v i ly 
30°C 
30 
Timc(hrs)-
Fig. 8: 0.1% SDS Polyacrylamide gel (7.5%) electrophoresis 
of £. flavogriseus and E.coli (pSX4) xylanase contain-
ing fractions. Xylanase fraction from S.flavogriseus 
and E.coli pSX4 were prepared as described in 
Chapter J(. 
Lane (1) Zymogram of xylanase fraction (50 ug protein) 
of extracellular S. flavogriseus xylanase. 
Lane (2) Zymogram of E.coli (pSX4) xylanase (50 
ug ptotein). 
Lane (3) Coomassio blue staining of E.coli (pSX4) 
xylanase fraction (100 ug protein) for detection 
of protein bands. Zymogram stain revealed xylanase 
activity band corresponding to 18,000 Mr [—^] . 

was found to be less stable than S. flavogriseus being completely 
inactivated at 60°C on exposure for 3 hrs (Fig.7) . 
Sodium dodecyl sulphate (SDS) was tested to determine 
i ts effect on pSX 4 endoxylanase, at 0,1% concentration it inactivated 
almost 50% of -the activity. EDTA either at 1 or 10 mM concentration 
had no effect on activity. 
Detection of enzyme activity on polyacrylamide gel 
A zymogram analysis of xylanase activity in pSX 4 cellular 
fraction revealed a single xylanase activity band, corresponding 
to Mr 18,000 whereas S^ . flavogriseus extracellular enzyme fraction 
exhibited three activity bands indicating that it produced isozymes 
corresponding to molecular weight 42,000, 29,000 and 18,^00 res -
pectively. pSX 4 produced the xylanase component corresponding 
to Mr 18,000 which contains major xylanase activity in Streptomyces. 
No zone of hydrolysis was detected with E. coli JM83 (pUC 8) 
cell extract (f'ig. 8). ^ 
DISCUSSION 
The presence of xylanase gene on 0.5 kb insert in pUC 8 
was identified on the basis of following cri ter ia . 
(i) 100% of E. coli JM83 transformants, transformed with recombi-
nant plasmid pSX 4 became xylanase positive i e. showed clearin 
zone jWhen grown on LB xylan plate. 
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(ii) The enzyme activity was detectable on agar plate in the form 
of zone clearing and also i n / l i q u i d / b r o t h . E. coli JM83 (pUC 8) 
showed no zone of clearing on LB xylan plate and no enzyme activity 
was detectable in Qiquid^^roth. 
The xylanases of ^ . flavogriseus are found in culture medium. 
The biosynthesis of this enzyme is inducible in nature and subject 
to catabolite repression by xylose whereas the xylanase production 
by clone pSX 4 occurred in absence of xylan and supplementat-
ioQ of LB with xylan or xylose did not result in elevated levels 
of xylanase. This may be due to absence of regulation sequences 
on the insert . 
Under all conditions which resulted in xylanase expression 
by clones, approximately 86% of the total activity was localized 
in cytoplasm, hov^gAtefT less than 10% was found in extracellular 
fluid at stationary growth phase. The localization experiments indi-
cated that the enzyme is in cytoplasmic fraction. Since the 
^ . flavogriseus xylanase is extracellular, xylanase /clonedX activity 
in E. coli was expected ei ther in periplasmic or extracellular fract-
ion. It is indeed not always true as has been demonstrated earlier 
that the xylanase synthesized in E. coli bearing xylanase gene 
from Bacillus pumilus was retained in cytoplasm although xylanase 
was secreted into medium in B. pumilus culture (Panbangred et_ 
a l . , 1983), Though it has been demonstrated that the x\lanase 
synthesized by B. subti l is harbouring the cloned gene from B.pumilus 
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was secreted into the medium like that of B. pumilus host haf 
xylanase synthesized in E. coli bearing the same gene was retained 
in cytoplasm (Panbangred £t^  ail_., 1985). In' contrast, there is only 
one report of xylanase gene from alkalophilic Bacillus that coded 
for an enzyme whith was mostly (82%) secreted into the extracellular 
medium by E. coli (Honda et a i . , 1986). 
pSX 4 produces xylanase 8 lU/ml . Earlier with other 
cloned xylanase genes in E. coli from Bacillus pumilus and Bacillus 
poLymyxa maximum yields were obtained in range of 2.3 units/mg 
protein and 3.4 U/100 ml respectively. jj^ fee pSX 4 produces flO% 
of the activity pr-frturpH b ^ donor S^. flavogriseus/ -E—IcoLi is 
not foufid—te fere—er- very efficient system for expression of xylanase. 
as—t+i^ Ooiied xylanase genei. in E. coli from B. pumilus and 
B. polymyxa express about 6% and 2.4% of the activity produced 
by donor (Panbangred et^  a_][., 1983; Yang £^ al^., 1988a). 
It is of particular interest to compare the present results 
with those reported previously on xylanase gene from Bacillus sp . 
cloned .in E. coli (Bernier eX_ £]_., 1983b; Panbangred £^ aL[., 1983). 
In both cases only low xylanase expression of about 1 lU was obtained 
whereas with pSX 4^ 8 lU of enzyme jjtaS obtained consistently. High 
expression of Bacillus circulans xylanase upto 7 U/ml was achieved 
by manipulating the insert size (Yang et^  a i • , 1989b). 
The cloning of ' xylanase gene from StreptomyL-eb upecies 
has not been reported in E. coli though there are two reports 
of cloning in homologous host. The xylanase gene of S^ . l lvidans 
has been cloned by functionally complementing the xylanase and 
endocellulase negative mutant of S, lividans usjng multicopy vector 
pIJ 702 (Mondou et al^., 1986). Another xylanise gene was cloned 
from Streptomyces sp. No. 36a and i ts expression was seen in 
Streptomycetes (Iwasaki at a l . , 1986). Homolop:)us cloning resulted 
in 60 fold higher expression. 
The cloned enzyme was identical to pa'-ent S_. flavogriseus 
in terms of physiro-chomioel properties like optimal temperature 
and pH, though the enzyme was more prone to "lermal inactivation. 
The xylanase enzyme produced by pSX 4 is au-hentic as zymogram 
of cell extract of clone displayed xylanase activity around the 
protein band corresponding to one of ".e act ivi ty band 
of S_. flavogriseus in terms of electrophoretic mobility on poly-
acrylamide gel. 
Cloning of Streptomyces xylanase genes was earl ier attempted 
in Streptomyces host and not in E, coli as the ^a|J|r shows serious 
limitations of inefficient secretion of enzyme in e'* tracellular environ-
ment. Most of the translated products are not -ecreted and remain 
either cell bound or in periplasmic space. This represents a major 
difficulty for the development of large scale prciuction of xylanase 
by genetically engineered ^ram-negatlve micrODrganisms. To over-
come this problem the Acl857 lysogen of E. roli IM8i was used 
as host strain. At 32 C the phage replicated as part of genome 
88 
whereas at 42 C the repressor cI857 is inactivated, phage is induced 
resulting ultimately in lys is of E. coll which also releases the 
cloned enzyme activity. This technique has been successfully used 
for detection of cloned antigenic genes of Vibrio cholerae in E.coli 
by Srivastava e^ al^ . (1985). 
The amount of enzyme released by temperature induction 
was equivalent to the amount released by Jji situ lys i s . The question 
of inactivation of enzyme at higher temperature did not arise as 
the lysogen induction temperature 42°C was closer to the optimum 
temperature of cloned enzyme and rather enhanced the enzyme acti-
vity. While HI situ lysis by chloroform-lysozyme treatment took 
48 hrs for the detection of enzyme on plate, this merely took 9 
h r s . Thus, this proved to be an efficient system for release of 
enzyme without resorting to cumbersome processes and it did not 
require expensive chemicals l ike lysozyme etc. 
E. coli was chosen as the expression host system because 
of extensive knowledge on genetics and cloning available with the , 
organism. Different vectors for expression of cloned genes are 
available and pUC 8 is one of them. The vector has lac promotor 
followed by an array of unique restriction si tes which can be used 
for cloning. Insertion of foreign gene in any of these sites results 
in inactivation of p -galactosidase gene which allows quick dist inct-
ion of ^ lasmids containing inser t . 
E. coli is not a xylanolytic strain hence i t was an ideal 
choice for cloning and selection of xylanase genes. The system 
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may not be ideal for construction of strain witii large yields of 
enzyme as their expression is always found to be low despite of 
cloning in multicopy plasmid vector which could be due to various 
reasons. However, the system is well suited for understanding 
of structure function and regulation of genes. Also it has been possi-
ble to isolate xylanase free of cellulase through cloning in E.coli. 
^ . flavogrlseus produces multiple forms of xylanase activity 
so for understanding whether these results from proteolytic modifi-
cation of a parental enzyme or were due to existence of separate 
xylanase genes with distinct DNA sequences or due to differential 
read out from mHNA they tiad- to be studied at molecular level. 
Clone pSX 4 was found to code for only one of the three xylanase. 
One ol the major drawback with E. coli expression system 
is release of enzymes in ex^tracellular environment. We have des-
cribed an easy genetic route through which E. coli lysis can be 
achieved. Lambda induced lysis takes less time is easier to perform 
and manipulate, the lysis temperature 42 C is ideally suited as 
optimum temperature for xylanase activity is 50 C. 
Since the demand for microbial utilization of cellulosic 
and hemicelluiosic materials is increasing application of recombinant 
DNA technique in these fields arouses much interest . Hence for 
better understanding at the molecular level we have cloned the 
gene in E. coli. 
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Table 4^ 
Localisation of xylanase activity in E. coli {pSX4) 
The cells were grown in LB broth containing 0.5% xylan and amp 
(50 ug/ml) for 18 hrs at 30°C. The periplasmic fraction was obtained 
by osmotic shock and resulting cell fraction was sonicated to obtain 
membrane and cytoplasmic fractions. 
Percentage of total enzyme activity in fractions 
Culture supernatant (Extracellular) 8.3% 
Periplasmic fraction 2.0% 
Membrane bound 4.0% 
Cytoplasmic fraction 86% 
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Table ^ 2-. 
Production of xylanase a c t i v i t y by E. coli (pSX4) clone and 
Streptomyces f lavogriseus when grown on different carbon sources . 
The E. coli ce l l s were grown in LB supplemented with a p p r o p r i a t e 
carbon sources (10 mg 'ml) . The enzyme was re leased by temper-
ature induction of the lysogen and e x p r e s s e d as total xylanase 
a c t i v i t y . 
Media E.col i (pSX4) S.f lavogriseus* 
Act iv i ty lU/ml* Act ivi ty lU/ml 
LB 7.85 0.59 
LB + xylan 8.1 45.0 
LB + xylose 7.03 3.5 
LB + glucose 7.56 3.9 
S .Flavogr iseus was grown in ERM d e s c r i b e d in Chapter ^ ^ 
*One unit i s defined as the amount of the enzyme which l i b e r a t e s 
from xylan 1 umol equ iva len t s of xy lose in 1 min at pH 6 and 
50°C. 
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